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To the driller of wells, wherever he may be, this book is 
respectfully dedicated. R. R. SANDERSON. 



PREFACE 



In the treatise presented herewith it is not the intention of the author 
to attempt to make written instructions take the place of experience. To 
gain skill in any line of work it is necessary that a certain period of appren- 
ticeship be passed through. Especially is this so in well drilling, as in this 
work the most important operations are conducted out of sight of the drill 
man, and thus information regarding the action of the tools must be 
gained through a sort of sixth sense which can be acquired only by prac- 
tice. 

However, the author fully believes that the apprenticeship, spoken of 
above, can be served without a personal instructor if the beginner is pro- 
vided with instructions of the proper kind, and it is with the intention of 
supplying such instructions that this book has been written. 

In compiling the instructions, the object kept in view was to tell not 
only how a thing should be done, but also why it should be done as advised, 
thus explaining the principles lying back of the work. It is to be expected 
that some of the methods advocated will not meet with the approval of all 
drill men, but inasmuch as the reader will find reasons accompanying each 
method advocated, he is in a position to vary the methods as soon as he 
finds that his drilling conditions are such that other reasons outweigh the 
ones given. It must be borne in mind, however, that in drill work a mere 
opinion is not a reason unless it has been formed after careful consideration 
and ample experience. 

It is very likely that after a first reading of the instructions a beginner 
will get the impression that there is considerable risk connected with drill 
work, due to frequent references made regarding troubles which might 



arise unless certain precautions are taken. While it is not the aim of the 
author to menace the beginner with disaster and while it is very likely 
that fishing jobs will be few and far between, if ordinary precautions are 
taken, still it will be found that in the large majority of cases the most 
prosperous drill men are those who pay the closest attention to the seemingly 
little things, and thus the reader's attention has been directed not only to 
the manner in which drilling tools should be handled, but also, in many 
cases, to the troubles which can arise unless the tools are operated as 
instructed. 

It will also be noted that considerable space has been devoted to the 
handling of fishing jobs and other unusual conditions and while it is very 
probable that a drill man engaged in shallow, water- well work will have 
need for but a few of these instructions, still the author would urge a care- 
ful reading of this section as the driller who has a full understanding of the 
troubles which can arise is very apt to use the necessary precautions to pre- 
vent their occurrence. 

The author desires to extend his thanks to the great number of drill 
men who have oflFered him advice and information in the years that he was 
engaged in drill work and also later while he has been connected with The 
Cyclone Drill Company, and to acknowledge his indebtedness to them for 
many of the methods given herewith. Thanks are also due the manufac- 
turers of pumping machinery for cuts loaned and for assistance extended. 
To Mr. B. G. Cope, President of The Cyclone Drill Company, the thanks 
of the author are particularly due for the advice and help which were so 
often sought and always so freely given. 

R. R. SANDERSON. 



EXPLANATORY 

In the following pages we do not attempt to present an exhaustive 
treatise on well drilling, neither do we attempt to go out of the beaten paths 
and recommend new and untried methods. 

Our aim is not to advance new theories but to present plain, solid facts 
which have been proven by years of experience in the field in **making 
hole." 

Our reason for preparing this book is to try and present to those 
purchasers of our drills who are not experienced in the drilling business, 
brief, but trustworthy instructions for the operation of our cable outfits. 

As the drilling of deep wells, involving the use of heavy strings of tools 
and the handling of long lines of casing, are engineering feats requiring, for 
their successful handling, much experience, they should never be attempted 
by a beginner and thus for this treatise, we do not enter into a discussion 
of this class of work. 

It may be thought by some that many of our descriptions are made with 
needless minuteness, but we would rather err on the side of going too far 
than not far enough. 

Wherever the descriptive matter has been of such a nature that it is 
rather difficult to figure out, we have used cuts to help make the matter 
perfectly clear. 

It will be found that many little * 'kinks" and ways are advised for most 
easily and rapidly handling the work, and while a great many of these meth- 
ods have been gathered from suggestions made by other drillers, they have 
all been tried out by the writer and have thus been tested out by actual 
working experience. 

Testing Machines. 

All Cyclone Drilling Machines are completely assembled and tried out 
under their own power before leaving the factory. By this method of test- 
ing we are absolutely sure that every machine is perfect in all its working 
parts. 

After testing, the machines are more or less dismantled, according to 
the distance and manner to be shipped, and all parts as soon as taken from 
the machine are placed in the boxes to be used for them in shipping. This 
dismantling work is done under the supervision of one man, whose business 
it is to look after this one thing, and thus we eliminate, as far as human 
power can do so, all chance for error in sending out a proper and full 
equipment. 

We suggest, therefore, that if on putting the machine together all the 
parts do not seem to be there, that, before writing us reporting a shortage, 
you check over the outfit very carefully. 
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Unloading Machines. 

If the machine is for use in this country it will probably arrive by rail 
and will be loaded on a gondola car with drop ends. 

At the factory we have our own loading platform and the machines are 
pulled directly onto the car, but in unloading unless you can unload directly 
onto a platform, the easiest way is to back the machine off on good heavy 
timbers. Secure some planks 12, 14 to 16 feet long, about 3 inches thick, 
and at least 8 inches wide, the wider the better, and place them firmly at 
end of car, so spaced that the wheels strike them fairly. Fasten the ends of 
plank which go to ground so that they will not slip endwise or sidewise, 
and if the machine to be unloaded is one of our traction outfits or heavy 
machines, it is best to put some cribbing under the planks. Fasten set of 
blocks to front end of machine with other end fastened to end of car, and by 
snubbing the fall line from blocks around a pole fastened firmly in coupling 
blocks of car, the machine can be safely and quickly unloaded. 

Putting on Fittings— Engine Fittings. 

It is best to put fittings on machine as soon as it is unloaded, and on 
the traction outfits this is absolutely necessary if the machine is to be moved 
under its own power. 

The fittings for engine will all be found in the tool box and are as 
follows : 

1 Engine Grease Cup for top of steam chest. 

3 Globe Valve Stems with union rings to fit the relief valves in cylinder 
and steam chest. 

8 or 4 (depending on style of machine) Grease Cups for main bearings. 

1 Compression Grease Cup to be screwed into the small hole in the side 

of connecting rod, through which the crank bearing is lubricated. 

2 Oil Cups with Caps to be screwed into the small elbows on side of en- 

gine and used for oiling the engine slides. 
1 1-in. Globe Valve Stem with union ring for drilling throttle. 
1 i^'in. Globe Valve Stem with union ring to be screwed into steam 
line blow-off valve which is on pipe that extends in front of bolster 
below engine. 
It will be noticed that all valves in place on the machine and all oil 
holes, and holes for oil cups, have been either wrapped with burlap or 
stuffed tightly with waste to prevent dust and cinders from entering while 
in shipment. 

Carefully clean all valve seats and valves before screwing them togeth- 
er, and in setting up the union ring on valves, be sure to see that the valve 
stem is screwed outward as far as possible. If these precautions are taken 
the valve seats will not be scratched or strained. 
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Before placing the oil cups on engine and machinery, be sure to n 
all waste ill oil holes and to clean out holes thoroughly. Also clean out oil 
cups carefully. This will prevent grit from coming in contact with bear- 
ings, and if the above precautions are taken and the bearings are kept prop- 
erly lubricated they will last for years. 

In all places which are not lubricated by grease cups it is best to place 
some wool waste, as this wilt prevent grit from coming in contact with the 
wearing surfaces and will hold the oil and feed it regularly to the bearings. 
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Boiler Fittings. 

The accompanying cut 
shows all boiler fittings, ex- 
cept pop valve, as used on 
portable outfits. The Trac- 
tion machines are equipped 
with practically the same fit- 
tings except that it is neces- 
sary to add a quick opening 
throttle at boiler and one or 
two other attachments which 
add to the convenience of op- 
eration of the machine. 

All fittings and pipes used 
for fitting up the boiler are 
fitted at the factory and are 
of correct dimensions so that 
all parts should go together 
without undue strain. 

The stack is provided 
with hinge and is held in place 
when drilling by a set nut. 
When derrick is to be lowered 
the set nut is released and 
stack swung down out of the 
way. 

The ash pan is held in 
place by two arms which ex- 
tend up past brackets on side 
of boiler, two wedges being 
driven in to hold the pan 
firmly to the boiler shell. 

The pop valve which does 
not show is placed in the top 
sheet of boiler on the opposite 
side of stack. 

The steam gauge is usually placed with the face towards the drilling 
end of machine so that the driller can at all times see the pressure being 
carried. 

Setting Up the Machine. 

After the location of the drill hole has been determined set the machine 
so that the point selected is in direct line with the center of machine and 
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about 3 feet 3 inches from the axle. Place good heavy planks under the 
wheels which support the derrick end of machine, and if the ground is very 
soft it is best to place planks under all the wheels. 

Level the machine, either by placing additional planks under the wheels 
which are lowest down or by digging out from under the ones which are 
high. If the walking beam is not to be used it is not necessary to level up 
the machine endwise, but in any case it is best to get it approximately so. 

Raising the Derrick. 

Slip the derrick braces onto the large bolt which extends through the 
derrick below the crown pulley, leaving the braces extend in a line with the 
derrick out past the boiler, and then run up the nuts on the bolt until they 
are about one inch from the braces. 

It will be noted that about middle ways of each brace there is a small 
eye bolt. Care must be taken to see that these eye bolts come on the inside 
side, and also to see that the proj)er brace is used on the proper side so that 
the bevel at bottom end of brace fits the cast shoe provided for it on the 
outside of sills. 

Now put together the hoisting apparatus by bolting onto the 4 ft. x S^ 
in. X 1^ in. oak piece provided, the two iron shoes which are joined onto 
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two iron rods which in turn are connected onto a ring. Place the shoes on 
the piece of wood so that the back of the shoes will rest on the ground and 
act as runners when hoisting the derrick. 

Place the ends of the derrick braces in the spaces provided in the shoes. 
Connect one end of the ?i in. rope provided for the purpose into the ring of 
the hoisting apparatus and pass the other end of the rope over the front bol- 
ster between the boiler and sill, connecting it to the small hoisting windlass 
between the sills. 

On our Nos. 10 and 12 machines the rope is attached to the worm gear 
shaft. 

One man now go to top of boiler and lift on derrick while one man op- 
erates the hoisting crank. After the derrick has been raised about 4 feet 
from the boiler the man on the crank can easily raise it the remainder of 
the way. 

When the braces have been drawn up close to boiler, take hold of them 
by hand and set them on the brackets on the outside of the sills. Put the 
bracket bolts through and set up the nuts securely. Now go to top of der- 
rick and set up nuts at top of braces. After this has been done insert the 
bolts in bottom of derrick legs and fasten. 

The rope guide can now be put in place. 

This is done by fastening one end to the derrick by the two bolts pro- 
vided and then slipping the two rounded ends of the irons into the eye bolts 
on the braces. 

After this guide has been once placed it is never again necessary to un- 
bolt it from the derrick. 

When it is desired to lower the derrick simply slide the rods from the 
eye bolts, swing the guide down next to derrick and tie it there. 

On our Traction machines the derrick can be raised without the use of 
the hoisting apparatus by placing the braces as above instructed at the be- 
ginning of the hoisting operation and then backing up the machine. Care 
must be exercised in doing this, however, to see that the braces are spaced 
wide enough apart so that the machine does not strike them, and also to 
see that the lower ends of the braces do not slip on the ground. 

Lowering the Derrick. 

In lowering the derrick the operation is as follows : 

Loosen the nuts at top of derrick braces, running the nuts back about 
one inch each. 

Slip rope guide out of eye bolts on braces, and, swinging it down, tie it 
firmly to derrick. 

Take out the bolts at bottom of derrick legs. 

Take out bracket bolts at lower ends of braces. 
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Take hold of braces, a man on each brace, and pull on them until der- 
rick begins to swing back. 

Now, taking a firm hold on braces, walk back with them as far as pos- 
sible, being careful not to spread the ends of braces more than 5 or 6 feet 
apart and also being careful to keep them in line with the machine. 
When the derrick has been lowered about half way, set the ends of the 
braces on the ground, and by sliding them out in this manner the derrick 
can be easily lowered. 

When moving the drill from hole to hole, the braces are either laid on 
top of the derrick and securely roped thereto, or tied onto side of machine. 

Stringing Gable on Machine. 

In examining the cable sent out with the machine it will be found, by 
rubbing the hand back and forth over it, that a nap can be detected. 

In placing the cable on machine it is very important that the end of 
cable which is to be carried up the derrick to place over crown pulley at 
top is so selected that the nap, when the cable is stroked from the selected 
end towards the coil, lies flat. By so doing the nap will lie flat when 
stroked toward the Rope Socket which is to go on the other end. 

The reason for this is that the cable does its greatest work when the 
tools are on the up stroke, and when the tools are being elevated from the 
hole. Under both of these conditions, owing to the weight being supported 
by the cable, it is stretched until it is almost as solid as an iron bar, and 
when it is thus stretched it is much more easily frayed by the sides of the 
drill hole and by the sheaves over which it travels. 

If the cable is put on so that the nap does not lie flat on the upward 
movement, its action is very similar to cutting against the grain of wood, 
an action which wears it rapidly. 

The proper end of the cable having been selected, carry it up the der- 
rick, place it over the crown pulley at top, from thence pass it over the top 
of sheave on tail-shaft at lower end of spudder rocker arm, and then passing 
it UNDER drum, fasten it with the hook-bolt provided, to the side of drum. 

In placing cable on drum it is very important that it be passed under 
the drum, as otherwise it would be necessar}- to reverse the engine each 
time the tools were to be raised. 

On the Nos. 10 and 12 machines, the cable instead of being passed di- 
rectly from the crown pulley to the tail-shaft pulley, as described above, is 
passed from the crown pulley, under the spudder pulley and thence over the 
tail-shaft pulley. The reason for this is that the Nos. 10 and 12 machines 
are so constructed that it is never necessary to remove the cable from under 
the spudder pulley, and thus the cable must be threaded under the spudder 
pulley when the machine is first strung up. 
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Fastening Gable in Socket. 

From the end of cable which now hangs from derrick cut off a piece 
about 4 feet long. This is for use about the machine in cleaning joints, 
tying on bailer and fastening cable in socket. 

The best way to cut Manila cable so that the ends will be even and 
smooth is to tie cable firmly above point to be cut off, place it on a piece of 
timber and then with a sharp blow with ax sever it at one stroke. 

With each of our regular cable outfits we furnish, unless otherwise or- 
dered, a "Patent Rope Socket" and the method of inserting cable, given 
below, applies to this kind of socket. 

Unscrew the box protector, which to protect the shoulder and threads 
of box, is screwed into each socket at factory. Stand socket upright with 
Joint end down. Wrap the end of cable with two or three wraps of small 
twine and tie it firmly. Insert this wrapped end of cable in top of socket 
and force it downward until end of cable is nearly through, then turning 
socket on one side push cable through until about 5 to 12 inches, depending 
on size of socket, projects beyond. 

Unwrap the three main strands of cable back to socket 

as shown in Fig. 4. Now cut from the 4 foot piece of cable 

cut off a piece about 10 inches long. Unwrap this short 

piece until all the strands are separated into the original 

twine. Even up the ends of this twine. Take a small 

handful, about 18 to 24 strands, with the ends even and 

force it up between the strands sticking 

out below socket, being careful to so 

place the strands of twine that the same 

length projects on either side of the 

cable. Now wrap the main strand under 

which the twine has been placed one 

wrap, so that the twine is held firmly as 

in Fig, B. Next insert the same amount 

of twine between the other main strand 

and the two you have ju.st wrapped. 
*'!«■ * Repeat these operations, using the same 

amount of twine each time, until the ends of the last 
twine inserted when smoothed toward the end of cable 
come out even with the end. This will require the 
inserting of 3 to 9 (depending on size of socket} bundles 
of twine, and will leave a space about 4 inches long be- 
tween the end of the cable and the place where the last Fig. 5 
bundle of twine was inserted. 

Now twist together the three main strands of the cable to the end. 
Next take several long pieces of twine from the 4 foot piece of cable and 
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wrap the space on the cable below the twine insertions until there are two 
layers wrapped on, when the ends of the twine used for wrapping should be 
securely tied. The cable will now appear as in Fig. 6, Now arrange the 
twine, which is inserted through cable, evenly around 
cable and smooth it downward towards the end making 
it as shown in Fig. 7. After this has been done, hold 
the socket firmly and pull upward on the cable, drawing 
the cable up into the socket as far as possible. Next, by 
using the worm gear wind the cable on the drum until 
the square on socket comes even with the 
bottom of axle of machine. Place tool 
wrench on square on socket and shove the 
head of wrench under the axle. This will 
leave the handle of wrench projecting out 
from machine, and this can then be used 
for prying down , thus forcing the cable into 
socket. As the cable gradually passes up 
into the socket take up slack with the worm 
gear and continue this until the bottom of 
cable is at least 4 inches from bottom of 
socket. Next take wrench off socket. To 
do this it is best to let some slack in cable, as otherwise if the 
wrench is pulled out from under axle while the strain is on 
cable, a cracked shin or a twisted arm might result. 

Nexi lay socket flat and drive through the two holes (one 
near top of socket and one through wrench square) the two Kig. i 

soft iron pins. Drive the pins completely through until just 
enough metal projects on the driven side to rivet nicely. Cut oft the part 
projecting and rivet both ends, driving the heads up until they fit snug 
again.st socket. 

To prevent pins from fraying cable when driven through they should 
be filed until perfectly pointed and then greased heavily with cylinder oil. 
We realize that the above method of inserting cable seems from the de- 
scription to be very complicated, but in reality it is very simple, and when 
once understood a cable can he inserted in socket in a few minutes lime. 

Removing Gable from Socket 

To remove cable from socket, unscrew the socket from the tools, cut 
cable on top, drive out pins, and insert socket in the fire, leaving the box 
end project out so that the fire does not come in direct contact with it. 

If the socket is placed in the forge fire, care should be exercised to see 
that the blast is not too strong, as the socket should be brought to a red 
heat gradually and evenly. Turn the socket in the fire until cable is nearly 
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consumed, and then by the use of a wooden stick clean it out thoroughly. 
Allow the socket to cool gradually and under no circumstances place it in 
water when it is at a red heat, as the steel will crystallize, and there is also 
liability of the box slightly warping. 

Care of Joints on Drilling Tools. 

Before connecting up tools the following instructions on the care of 
joints should be carefully read : 

As the tools come from the factory each box and pin will be coated 
with a heavy oil and will have plugs and caps screwed into or on them to 
protect the shoulders and threads. These protectors when not in use on the 
tools should be carefully preserved, and as soon as a tool is removed from 
the hole and it is not to be immediately used, the joints should have the 
protectors placed on them. This is a very important point and should never 
be overlooked, as a few seconds time spent in adjusting these protectors will 
often save hours and days of time in fishing jobs. 

As we have said, the joints when they arrive will be covered with a 
heavy oil, and this must all be completely removed. To remove oil from 
pins, first remove as much as possible with a piece of waste. Next take a 
piece of Manila twine, removed from the 4 foot piece of cable, insert it be- 
tween the threads next to shoulder of pin and bend it around the pin until 
the two ends of twine meet, then holding the two ends with one hand, by a 
left hand rotary motion revolve the twine around the pin, allowing it to fol- 
low the threads until end of pin is reached. The above operation repeated 
two or three times should thoroughly remove all oil. 

The cleaning of the threads in the box is a much more complicated 
matter, and requires more time, but it is time well spent. As it is impossi- 
ble to reach the hand up into the box, provide yourself with a small brush 
with a rather long handle and pretty stiff bristles. The brush should have 
the bristles placed in the side like a tooth brush, and if it is impossible to 
obtain any other kind of a brush an old tooth brush may be used and an- 
swers the purpose very well. 

To clean the box, dip the brush in coal oil and revolve it in the threads. 
If the oil on the threads is dried and does not start readily, use an old com 
cob, revolving it vigorously in the threads. Continue the above operation 
until the oil is all removed and so that by using a piece of waste the box 
can be wiped clean and bright. 

The shoulders of the joints should now be cleaned and this must be 
done with even more care than the cleaning of the threads. 

Remove all trace of foreign matter from the shoulders and be particular 
to see that no grease conies in contact with them between the time of clean- 
ing and the time of screwing them together. 
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To be absolutely sure that an oil film does not adhere to the shoulders 
it is best to go over them lightly with a small smooth-grained sandstone, 
washing them off thoroughly after the operation. It is a good plan to pro- 
vide yourself with one of these small stones at the very beginning, as the 
shoulders often require dressing, due to the fact that in setting up the joints 
they will sometimes roughen up. The proper kind of a stone to use is one 
that has an absolutely flat surface and one that has a very fine grain. 
Whenever the shoulders appear to roughen up, grind them until perfectly 
smooth. Never use a file on shoulders as a file cuts rapidly and there is 
danger of cutting away more metal than necessary, thus making the shoul- 
der uneven, besides a file leaves file marks and these will have a tendency 
to cause the shoulders to roughen when setting up the joints. 

In taking care of pins on bits, and the box on bottom of stem, a few fur- 
ther precautions are necessary, owing to the fact that these joints are screwed 
together and unscrewed so often. When the tools are removed from the 
hole and the joint broken, that is loosened with the tool wrenches, and the 
bit is unscrewed, the pin and shoulder of bit should be cleaned by pouring 
clean water over them while the box and shoulder of stem should be 
wrenched out by flushing water up into it. It will be noted that the water 
coming off the pin and out of the box has a dark color. This is caused by 
small particles of the soft steel which have been rubbed from the threads 
due to the friction in setting up the joints. Unless this very fine steel dust 
is immediately washed off it will quickly oxidize, some of it adhering firmly 
to the threads, causing them after a time to set up very hard. This film 
will also have a tendency to cause the joints to come apart in the hole as it 
will interpose a surface between the male and female threads, and will pre- 
vent them coming snug against each other. All joints on tools as ordina- 
rily sent out are tapered. This is done for the purpose of making the joints 
stronger, as more metal can be left in the box, and the base of the pin 
where the greatest strain occurs, can be made larger. It is also possible to 
more quickly connect and disconnect this style of joint. 
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Connecting Up Tools. 

In beginning a hole the drilling tools to be used are Rope Socket, 
Auger Stem, and Bit. 

Bit. Auger Stem. 

Rope Socket. 




The size and style of bit to be used depends 
upon the nature and conditions of the drilling, 
which point will be discussed further on, under 
instructions for drilling. 

To first connect up the tools, lay the auger 
stem out in front of the spot selected for the 
hole, and about 10 feet from it, and, if possible, 
nearly in line with the center sill of machine. 
Our reason for so placing the stem is that the 
tools will be easily hoisted from the ground, as 
they will come in direct line with machine, thus 
preventing all side pulls on the Crown Pulley. 
Place under the round part of stem, between the 
squares and shoulders of joints, at each end of 
stem, a piece of timber of sufficient size so that 
the stem can be raised about 8 inches above the 
ground, thus allowing sufficient space to use the 
tool wrenches, as described below. After clean- 
ing joints as directed above, screw the bit into 
lower end of stem, care being exercised to see 
that you do not batter the threads or shoulders. 

To set up joint tight, put one of the tool 
wrenches on square of stem. Place the wrench 
so that the handle comes under stem and projects out to right 
of it, when you are facing box end of stem. Put the other 
wrench on the square on flat of bit. Place the bit wrench so 
that handle comes on top of bit and extends in same direction 
as wrench on stem. Connect the chain wrenching bar to the 
wrenches by inserting the links of chain in the claws at ends 
of wrenches. One man now pulls down on bar and as the 
joints set closer and closer, one man takes up slack in chain 
by taking up links. 
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The accompanying cut shows the action of wrenching bar and will ex- 
plain its operation without further description, bearing in mind that the 
cut as shown is to illustrate the manner of setting up joints when the tools 
are hanging in the derrick. 

If the joints on tools are 2 x ft 
or over, one man may exert his full 
strengfth on end of bar without fear 
of springing threads or twisting off 
the pin. If the joints are smaller 
than 2x3 it is best to be more 
careful in the force that you apply. 
Besides the Wrenching Ear and 
Chain described above, there are 
other appliances used for setting up 
joints, but we have found, for 
small and for medium sized tools, that the bar and chain are the handiest. 
On our large out&ts we furnish a Forgie or Barrett Jack. 




After bit has t>een set up, next put on rope socket. In putting socket 
on stem, give the socket several turns in the opposite direction to which it 
will turn when screwed onto the stem. This will make socket turn on 
easier and will prevent the cable from kinking. 

The operation of setting up the socket joint is the same as for the bit, 
notice being taken that the two joints set up in opposite directions, due to 
the fact that all threads on cable tools are right handed, 



Bailers. 



THE CYCLONE DRILL CO. 



Dart Valve. 



After tools have been connected 
up, run the sand line onto the sand 
reel and connect bailer to end of line. 

We use a small steel cable for 
sand line for the reason that a wire 
line is not only stonger than the small 
manila lines generally used for this 
purpose, but also because water will 
not adhere to the line and thus does 
not drag from the hole a large quan- 
tity of water which will fall upon the 
drill operator as the line passes over 
the sand line pulley at top of derrick. 

To connect wire line to bailer take 
a half hilcli over bail with line, leav- 
ing about two feet of end of line ex- 
tend out, next take a half knot around 
line and then tie the end firmly to line with a piece of ma- 
nila twine. 

Bailers as usually furnished are provided with either 
one of two kinds of valves at bottom. 

The valve most usually used is the dart valve which is 
so constructed that the bailer empties itself when the bailer 
is allowed to strike the ground. 

The other type of valve is known Flat Botton Valve. 
as flat bottom valve and to empty the 
bailer it is necessary to set the bailer 
upon a stake driven in the ground, 
the stake serving to lift the valve. 
The advantage of the flat valve is 
that it provides a larger opening in I 

the bottom of bailer and thus does not | 

clog so easily. 

Besides the type of bailer just de- 
scribed there is another type some- 
times used, known as the vacuum sand pump shown on fol- 
lowing page. As will be noted from the cut, this pump or 
bailer is constructed with a movable plunger which oper- 
ates so that a vacuum is produced in the tube as the plunger 
is pulled upward. This vacuum causes all the cuttings or 
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Vacuum sludge in the bottom of the hole to be drawn into the tube, 

Sand Pump. completely cleaning the hole. 

Vacuum pumps find their most extensive use in mineral 

 

prospecting but they are also often used in ordinary well 
work when large quantities of sand or gravel are encoun- 
tered. Owing to the suction produced in the pump, it will 
clean a sandy hole when the other types of bailers are of no 
account. In fact in some sandy drilling regions holes are 
drilled with the vacuum pump alone, the drilling tools be- 
ing used simply for driving the pipe. 

OPERATION OF MACHINE. 
Filling Boiler and Oiling Machine. 

If you have to fill the boiler by hand, unscrew the pop 
valve from boiler, insert the funnel and fill with bucket. 
If a force pump is available, connect it to the blow-off valve 
at bottom of boiler, thus making it unnecessary to unscrew 
pop valve. Fill the boiler until about 3 or 4 inches of 
water show in the glass. Kindle a slow fire. Do not 
force fire until about 10 pounds pressure shows, as it is very 
hard on a boiler to heat it up too rapidly. Kspecially is 
this true in the winter time, when the water is extremely 
cold. 

When about 40 pounds pressure shows, turn globe 
valve at top of boiler which admits steam to steam line. 
Blow out sight feed lubricator thoroughly, and then fill it 
with good grade of cylinder oil. After lubricator is ready 
to start, turn it on until it drops about 4 drops per minute. 
For the first week or two it is best to also use the grease 
cup on top of engine, so that the steam chest and cylinder 
will be sure to have sufficient oil. On cold mornings on 
starting up machine it is always best to use the cup on en- 
gine in addition to the lubricator, as the oil in lubricator is 
sometimes slow in starting. Nevhr allow exgink to 

RUN UNLESS OIL IS FEEDING TO STEAM CHEST AND CYL- 
INDER. This is a very important point to watch, as lack of 
lubrication will not only cause rapid wearing of the moving 
parts in steam chest and cylinder, but the extra duty that 

it throws on the link and eccentrics wears them rapidly and besides consumes 

quite a bit of power. 

After you have seen to it that the lubricators are working properly, 

next oil bearings on engine and machine. 
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Fill all grease cups and screw them down firmly until you are sure that 
grease is feeding. Put oil in all cups and oil holes, being careful to see, as 
previously instructed, that the oil is prevented from feeding too fast by the 
placing of wool waste in bottom of holes. 

It would take too much space to describe the position of all oil holes, 
but all bearings and wearing surfaces are provided with oil holes or places 
for oil, which should be looked for until found. 

Especial care should be exercised to see that all the bearings on engine 
shaft are fully lubricated, also to see that the Bull or Band wheel shaft has 
plenty of oil. Probably the most important bearing of all to watch is the 
crank bearing of engine. You will note that this bearing is lubricated 
through a hole drilled into the connecting rod. To be absolutely sure that 
this bearing is receiving a sufficient amount of lubricant, we use a compres- 
sion grease cup, which at all times keeps a pressure on the grease, thus 
making its feeding positive. Each of these cups is provided with a screw 
arrangement at the base of stem by which the feed is regulated. 

For the first two weeks after starting the machine an excess amount of 
oil should be used on all bearings, but after the bearings are once worn 
smooth, it is possible to greatly reduce the amount used. It is always best, 
however, to be on the safe side by using rather too much than too little, as 
oil is much cheaper than machinery. 

Startiiig Engine. ' | 

Drain the main steam line by slightly opening the globe valve on drain 
line, which connects to steam line, just in front of engine. Next open 
throttle valve until steam just passes valve. Open wide the drain cocks on 
cylinder and steam chest, and admit a slightly larger amount of steam at 
throttle. The condensed water and steam will now blow out of steam chest 
cock and one of the cylinder cocks. Now reverse the engine, by pulling 
reverse lever forward. Sometimes, owing to paint or dirt interfering, the 
revense lever works very hard. Where this occurs don't try to move lever 
by throwing all your weight and strength against it. Work it gradually 
and easily until you see what is causing the difficulty, and then remove the 
cause. After the reverse lever has been loosened up, work it back and 
fotth, which will admit the steam to both ends of the cylinder, thus warm- 
ing up all parts of the engine. Now admit a trifle more steam and if engine 
does not start, take hold of fly wheel and give it a quarter turn. By care- 
fully admitting steam and turning engine, a point will be reached at which 
engine will start. Do not allow the engine to immediately speed up, as 
there will still be quite an amount of water in the steam line and steam 
chest, and if the throttle is ojxned wide this water will be forced into the 
cylinder with a rush, and may result in knocking off a cylinder head or the 
breaking of cylinder rings. An excess amount of water in the cylinder can 
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always be detected by the severe knocking sound which it causes, and when 
this sound occurs the engine should never be forced rapidly over center, as 
it puts an excessive strain on all engine parts. 

After engine has cleared itself of water close drain cocks. 

Now familiarize yourself with the action of throttle and reverse lever. 
Notice the amount it is necessary to open throttle in order to start engine, 
and note the increase of speed that follows after opening the throttle differ- 
ent amounts. As there is no governor on the engine, care must be taken to 
see that the throttle is not opened too wide, as an excess speed of the en- 
gine is very harmful to it. The engine can be run with safety up to 400 
revolutions per minute, and while it can be run at a higher rate, a very 
much greater speed is harmful to engine and dangerous to operator. After 
running engine awhile put on belt which connects engine to band or bull 
wheel. The easiest method of doing this is to close throttle of engine and 
then pull reverse lever forward so that engine stands on reverse stroke. If 
the machine is equipped with our New Clutch, throw the clutch into the 
central notch, so that neither the hoist nor spudder will be in connection 
with Band Wheel. If the machine is not equipped with clutch, throw the 
Sliding Lever to the left, thus disengaging the hoist ; also take the spudder 
pitman off the crank pin, thus disconnecting the spudder from the crank. 
Put belt on engine pulley, so placing it that only about yi of the width of 
the belt is on pulley, next lay the belt on top of band wheel, pushing it 
around and under the wheel as far as it will go. Now by turning the band 
wheel and pushing against the belt on bottom of wheel with one foot, the 
belt can be rotated onto the two pulleys. Sometimes, when the belt is ex- 
tremely tight, it is necessary to rope it to the band wheel and then turn it on. 

As the engine is now connected to machine proper, it is necessary, be- 
fore starting it up, to familiarize yourself with the functions of each of the 
levers. 

Operating Levers. 

We wnll first consider the machines equipped with shifting levers in- 
stead of clutch. On machines so equipped there are four levers and one 
worm gear wheel, whose positions and functions are as follows : 

Sand Reel Lever, on left side of derrick. This lever is for the opera- 
tion of the bailer, and other purposes. The sand reel is operated by push- 
ing the lever down, which forces the sand reel pulley against the inside of 
the band wheel rim. The sand reel is held stationary by lifting up on lever, 
which throws the reel pulley backwards against a wooden brake .shoe. 

Two Shifting Levers, w^hicli are placed between sills with handles ex- 
tending out to left of worm gear wheel. The top lever, when thrown to 
the right engages the hoist, and disengages when thrown to the left. This 

LEVER SHOULD NEVER BE THROWN TO THE RIGHT WHEN THE ENGINE 
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IS IN MOTION, as the gears will be stripped. To engage the hoisting gear, 
stop the engine and then shift lever. It may be that the gears will not im- 
mediately mesh, but by slightly turning the engine by hand a point will be 
reached at which the lever will shift. 

The lower lever is for shifting the worm gear pinion, and before the 
hoist can be operated must always be thrown out of gear. When drilling 
is being done, it is always necessary to have the lower gear in mesh, and 
the upper gear shifted out. This is an easy way of learning the operation 
of these levers, that is, they must always stand in opposite positions from 
each other whether hoisting or drilling. 

The Worm Wheel is for letting off or taking up slack when drilling, 
being thrown into and out of action as described. 

The fourth lever is the brake lever, at right of machine, and is used for 
lowering the tools into the hole. When the tools are to be lowered, the 
brake lever is forced down with sufficient firmness to hold the weight of 
tools, and then both the hoisting gear and worm gear are thrown out of 
mesh, leaving the drum free to revolve, as soon as relieved by the band 
brake. 

Now try the operation of these separate levers, going about it slowly 
and carefully, and being sure before moving either of the shifting levers, 
that you stop the engine. We would suggest that you also use care in the 
operation of levers for some little time, until you get accustomed to their 
action. 

If the machine which you are using is equipped with Clutch, there are 
four levers and one worm wheel, the operations of which are as follows : 

One Sand Reel Lever as described above. 

One Clutch Lever, which on forward motion throws spudder in action, 
.and which on backward motion throws hoist in operation, and which when 
in center notch is neutral. 

One Shifting Lever for shifting the worm gear pinion. 

One Brake Band, the same as described above. 

The same suggestions made above in reference to trying out levers will 
apply to clutch machines. 

Cyclone Positive Friction Clutch. 

As the clutch which w^e use on our drilling machines embodies some 
new features not generally met with, a brief description of its action will 
be given. 

The Clutch is so constructed that both the spudder and the hoisting 
gear are thrown into action by the moving of one lever. When the lever is 
pushed into the forward notch the spudder is thrown into action, and when 
pulled into outside notch the hoist is thrown into gear. When in the cen- 
ter notch the clutch is neutral. As the spudding or crank side of clutch is 
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often subjected to enormous momentary overloads, due to the pulling of 
pipe or to the tools becoming fast in the hole, no friction clutch of such a 
size that it could be used on a drilling machine would hold without slipping. 
The clutch which we use is provided with an automatic positive attachment, 
which, when a momentary overload occurs, and the clutch starts to slip, 
causes two tool steel pins to engage in holes provided for them, thus lock- 



Cyelone Positive Friction Cluleh, 

ing the clutch and making it positive. The action of these pins is entirely 
automatic, and when it is desired to stop the spudder, the pins are released 
by the same lever which releases the friction part of clutch. The pins are 
so placed, and their operation is such, that there is absolutely no chance for 
the clutch to take hold violently, as the friction shoes always engage iirst, 
when the clutch is set up, and disengage last, when the clutch is released. 
It will be noted that. a double cone operates both crank and hoist side of 
clutch, the wear being taken up by adjusting screws. It will be noted that 
there are four of these adjusting screws, two being for use on each clutch. 
To set up either of the clutches tighter, release the two adjusting screws, 
which operate the clutch to be set up, by loosening the jam nuts. Screw 
the two adjusting screws down about one-half turn, and then try clutch. If 
it is still too loose, try another half turn, always being careful to see that 
both adjusting screws are set up exactly the same amount. After the 
screws have been set up the proper amount screw the jam nuts down firmly. 
The clutch is provided with oil holes at different points and two grease 
cups. One grease cup is screwed into hub of crank, and the other in top of 
the clutch ring which passes around the cone. The clutch should be thor- 
oughly oiled, care being exercised to see that sufficient oil is used on the 
faces of the friction shoes to prevent them from cutting when the clutch is 
running idle. There is an oil hole on the external hub of hoisting gear of 
clutch, that, unless looked for carefully, may be missed, and as it is veiy 
important that this bearing be oiled, we are calHng particular attention to it. 
Owing to the fact that the hub of gear extends out over sill of machine, we 
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are unable to use oil or grease cups, and have, therefore, drilled hole into 
hub, into which is screwed a set screw. Into the bottom of this hole place 
a little wool waste, then fill with oil and screw in set screw. 

Drilling Operations. 

The action of the engine and different levers now being understood, you 
are ready to begin drilling operations. 

Throw hoist into gear, and hoist the drilling tools until "they hang in 
the derrick." Allow tools to hang free and mark spot directly beneath. If 
the start is to be made in soil, dig a hole about 2 feet deep and just a little 
larger than the hole to be drilled. Some drillers use a post hole digger for 
starting, digging down about 2% to 8 feet with it. In starting the hole 
care should be exercised to see that the hole started comes in direct line 
with the tools, when they are hanging free. This point is very important, 
for if the hole is not in direct line there will be a constant tendency for the 
tools to drift off, making the hole crooked. 

Lower the tools into the hole by using the brake. Now by letting 
slack into the cable, swing the top of tools over, until they rest against der- 
rick. Now place spudder pitman, on crank pin, if same is not already on. 
Next, by giving the engine steam and regulating its action with reverse 
lever, swing the spudder crank around until the crank is at its highest point, 
thus throwing the spudder to the limit of its up stroke. This is what drill 
men call centering the crank, and after a little practice in the handling of 
the engine, you will be able to center the crank the first time over. Now 
have your helper place drill cable under the spudder sheave. After cable is 
under sheave, throw the worm gear in mesh, and take up slack in cable. 
Take up the slack until the tools are lifted about ]^i inch from bottom of 
hole. You will find for the first few days that the worm gear and all shift- 
ing levers work rather stiff, due to the presence of paint and varnish on 
them, but if ihey are kept liberally supplied with oil they will soon move 
free and easy. 

Now hav^^your helper go up the derrick until he is about even WMth top 
of tools, where he .should station himself to assist in steadying the tools. 
Next .see that your worm gear is in, and all other gears are out. Turn 
steam to engine. You will note that at first engine will not pull crank over 
lower center, unless the throttle is open very wide. If enough steam were 
turned on to force the spudder directly over, the amount would be sufficient 
to give excess speed to the engine, and as it is necessary that the tools be 
run at a slow rate, until the hole is at least .") or <> feet deep, the engine 
should be started as follows : 

Admit enough steam to pull the crank about one-half the way down. 
When the crank reaches this point immediately reverse the engine. The 
effect of this will be to lift the tools a little more than one- half on the back 
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stroke. When the crank reaches the farthest point to which it will go on 
the back stroke, quickly push the reverse lever to forward motion again. 
You will observe that the weight of the tools on this motion will assist the 
the engine in speeding up and passing lower center. Keep repeating these 
motions, admitting a slightly larger amount of steam each time, until finally 
power enough is .stored up to start the spudder into continuous motion. 

After once becoming familiar with the action of the engine, you will 
find no difficulty in starting it on one motion of the reverse lever. 



The motion of the Spudder when drilling should always be forward. 
That is, when standing at the side of machine opposite to that on which the 
big band wheel is placed, and facing the machine, the crank should revolve 
from right over to left. This motion gives a powerful Hft and an extremely 
quick drop. 

As the proper understanding of the theory of the Cyclone Spudder has 
much to do with successful drilling, and the successful pulling of pipe, we 
will devote a few words to the spudder itself. 
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The cut on preceding page shows the spudder at both its extreme up 
stroke and its extreme down stroke. You will notice that as the spudder 
crank moves from D to the left and down that it does not begin to ascend until 
after it is about ^3 past the lower center, which is opposite D. The result 
of this is that the travel of the spudder crank pin is much less from its ex- 
treme low point to its extreme high point, than it is from its extreme high 
point to its extreme low point. It is due to this arrangement that we get 
our extremely quick drop. The action of the spudder is such that the tools 
are gradually lifted *as the spudder passes from D around and about yi of 
the way past center opposite D, then the spudder is quickly lifted as it trav- 
els froni'the low center to D, giving the tools an absolutely unimpeded fall. 
This is the famous Cyclone Spudding stroke. Now if the engine is reversed 
and the spudder run in the opposite direction, its action is just the reverse 
of the foregoing. That is, the down stroke of the spudder is made in much 
less time than the up stroke, thus delivering a strong upward jerk on the 
tools. 

To satisfy yourself that the spudder action is as stated above, before 
putting the drilling cable under spudder sheave, start the engine and run the 
spudder about 40 strokes per minute on both the forward and reverse mo- 
tions. So pronounced is the difference between the two strokes that it is 
readily discernable to the eye. 

It will be explained later, the methods to pursue when pulling pipe 
with the pipe puller, and also the method to pursue when loosening tools by 
driving with the jars, and both these methods depend upon this feature of 
the spudder. 

There is another excellent feature contained in the Cyclone Spud- 
der, and that is its action in regard to the drilling cable. You will 
note that the cable is .so arranged in respect to the spudder sheave that 
there is absolutely no backward or forward travel of the sheave on the rope. 
The sheave is simply a point of contact for bending the rope down while the 
spring underneath the sheave lifts the rope back. This feature of the Cy- 
cJbne Spudder accounts for the long life of all Cables used on Cyclone 
machines. 

Now to return to the drilling. 

If the soil in which the drilling starts does not contain a large percent- 
age of clay, the hole can be spudded down quite a way without placing any 
water in it, the action of the tools forcing the dirt out into the sides of the 
hole. 

Where this method of starting can be followed, it is always best to use 
it, as it makes the hole more firm and does away with the necessity of bail- 
ing. When a point is reached where the dirt will not pack into the walls, 
pour water into the hole. In average soil it requires from 2^2 to 4 gallons 
for each foot drilled. 
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After the sludge has become about as thick as a thin batter, pull the 
tools and bail out. 

Never run the tools until the sludge becomes so thick that the tools do 
not fall clear, as, under this condition, the bottom of the hole will be filled 
with a thick sludge, which will stop up the bailer, and which will consume 
much time in bailing out. Much better time can be made by bailing out 
often, thus preventing the accumulation of heavy sludge. 

Another reason for bailing often is that a heavy sludge prevents the 
tools from turning readily, and as the tools must be turned constantly when 
drilling in soil, it is necessary that no condition be allowed to arise which 
will prevent this. 

Turning the Tools. 

As will be noted, the edge of the bit is a straight line, and the bit, when 
properly dressed, fills about f^ to J^ the circumference of a circle. 

If the tools were allowed to drill ahead without turning, the hole would 
be cut about the shape of the bit, and would result in what drillers call a 
*'flat hole.** To prevent this, when drilling in soil, the tools are constantly 
turned by hand, first swinging the tools in one direction and then swinging 
them in the opposite direction. 

After the rope socket has passed below the surface the tools are turned 
by twisting the cable. It will be noted that as the tools are lifted and their 
weight supported by the cable, it becomes about as rigid as an iron bar, and 
if the cable is twisted when in this condition, the twisting effect is transmit- 
ted directly to the tools, even if they are several hundred feet below the 

surface. 

An experienced drill man is able to tell by giving the cable one twist 
whether or not the tools are turning, but for beginners, until they have 
learned the "feel of the cable," we would recommend, in order that they 
may be sure the tools are turning, that they twist the cable 4 or 5 times, to 
the right, then let the cable loose and see if the tools turn back as the cable 
twists back. If the tools are not turning with the cable, the cable will twist 
back instantly, but if the tools are turning with the cable, the cable will 
twist back slowly, the rate of the return of the tools depending upon the 
amount and thickness of sludge and water in hole. 

Some drillers use a rope handle for twisting the cable. A rope handle 
is a device made for clamping to the rope, and is provided with a handle 
from 1^ to 2^ feet long, so arranged that the cable can be easily twisted. 

When solid rock is reached it fs unnecessary to turn the tools by hand, 
as the blow which is struck by the bit has a tendency to turn the tools. 
Tj^his fact can be proven by taking a firm hold on the cable when drilling in 
rock, and noticing the twisting action which the rope undergoes after each 
blow. Sometimes, when the rock is full of joints and crevices, it is neces- 
sary to turn the tools by hand, as the bit will have a tendency to follow the 
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path of least resistance, and unless turned a flat hole may result. This cx>n- 
dition will be discussed further on. 

Driving Pipe. 

If the soil in which the drilling is being done is of such a nature that 
the hole * 'stands up" without casing, the hole can be spudded down 20 or 
30 feet before setting in the pipe. If coarse gravel is encountered, or for 
any other reason, the hole shows a tendency to cave, it is necessary to insert 
pipe. The length of pipe to be used depends upon the depth which it is 
possible to drill the hole before it caves. If the hole is 15 feet or more in 
depth use a joint of pipe 18 to 20 feet long. 

As a hole is usually started with a spudding bit, and as the spudding 
bit is always dressed out to a size about Yt, inch larger than the outside di- 
ameter of the couplings on the pipe used, the first length of pipe can be low- 
ered into the hole and will not require any driving. If, however, a bit the 
size of the internal diameter of the pipe is used, and this is often the case, 
it will be necessary to drive the pipe to get it to the bottom of the hole. 

If the bit used to start the hole is larger than the internal diameter of 
pipe, it is now necessary to unscrew this bit from stem and substitute a bit 
which will go inside the pipe. 

To use the wrenching bar and chains for loosening and tightening the 
joints when the tools are hanging in the derrick, the wrenches and bar are 
arranged as shown on page 15. The cut shows the wrenches arranged for 
tightening the joint. 

For loosening joint the wrenches are just reversed, that is, the wrench 
shown on lower square is placed on upper square, and the upper wrench is 
placed on lower square. 

A good heavy stake is driven into the ground, against which one of the 
wrenches is allowed to strike, to prevent the wrenches from swinging around. 

When a platform is used around the hole a block can be nailed to plat- 
form and answers the same purpose as the stake. 

Some drillers use the sand line for handling pipe, and when joints 4 to 
S feet in length are used, and the pipe is not over six inches in diameter, 
this plan can be safely used ; but when full length joints are used the pipe 
can be more easil}' and safely handled by slipping the pipe on stem. Not 
only is this method safer, but it has the advantage of always keeping the 
pipe in line with the hole, thus making the threads start more easily when 
joints are to be secured together. 

After having placed proper size of bit on stem, lay the tools on ground, 
out past the hole, and in line with the machine. If the string of tools are 
for drilling holes 8^2 to 4^2 inches in diameter, the tools can be lowered by 
helper taking hold of tools just at top of bit and carrying them out as the 
driller lets off slack. 
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If the tools are of such size that one man cannot lift one end of them, 
they can be lowered by use of the firing shovel. The way to use shovel is 
to swing the tools out as far as possible and then lower them until bit rests 
on shovel blade, so placing shovel that handle extends outward from ma- 
chine. Now let slack in cable until top of rope socket just clears derrick, 
when the tools can be lowered by pulling on shovel, thus sliding out lower 
end of tools. 

As the end of tools is pulled further and further outward, it is, of 
course, necessary to let out more slack iii cable. Some drillers use a small 
cart, called a "dollie," for handling the tools, but for tools of ordinary size 
the shovel will answer every purpose, and has the advantage of being light 
and not adding any extra weight to the equipment. 

When the tools have been pulled outward far enough so that the rope 
socket will clear the machine, lower the tools until the middle of the tools 
is about 2 feet from the ground, then place an 8 or 10 inch block under 
tools so that when they are completely lowered tliey will balance over block. 

Next place the clamp on square at top of stem. If you are drilling in- 
side of pipe it is easier to place the clamp on tools before laying them on the 
ground ; but for the first joint time and energy can be saved by placing 
clamp after lowering the tools. 



You will note from illustration that clamps are constructed with a space 
cut back in each block. These spaces are made to fit the squares on stem, 
and the blocks should be so placed that the top of clamps fits snug against 
the shoulder at top of squares. 

You will note that we say to place clamp on square on stem. It is 
sometimes necessary when an extra long piece of pipe is being u.sed, to place 
the clamps on the square on rope socket .so as to give space between top of 
pipe and crown pulley for a stroke to the tools, but it is best (o place clamps 
on square of stem if possible, as otherwise the threads of the pin on stem 
will have to stand the full strain of the driving blows. 
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Be sure to see that clamps fit snug against shoulder of square, then 
draw up nuts on clamp bolts firmly. 

After tightening up clamps lower tools until they balance over block so 
that the bit end of tools clears the ground by about 8 inches. You are now 
ready to slide pipe onto tools. 

One man get at each end of pipe and holding it in line with drilling 
tools, slip it on tools until the pipe strikes the block over which the tools 
are balanced. 

Next take up slack in cable until the tools are lifted clear of block, and 
until the end of pipe which is on the tools clears the ground about a foot. 
Now move the block back far enough so that when the tools are again low- 
ered, the end of pipe which is on the tools will be supported on block. 
Lower the tools, let slack in the cable, and by taking hold of clamp on tools 
push the tools down into the pif>e until the clamps strike top of pipe. 
Fasten the pipe securely to the stem by roping or chaining it to the clamps. 

If the length of the driUing tools between end of bit and botton of drive 
clamps is greater than the length of pipe used, it will be necessary to slide 
the tools down the pipe, as instructed above, until the end of bit extends 
through pipe. Then take up slack in cable until the weight of tools is sup- 
ported by the cable and end of bit, when the pipe can be slid up the stem 
until it comes against clamp. 

After fastening pipe securely to stem, hoist the tools until they hang in 
line with hole. Now let off slack, lowering the pipe and tools into hole. 
When a point is reached where the pipe refuses to go any further, try twist- 
ing it slightly with the chain tongs. 

Care must be exercised when twisting the pipe to see that the brake is 
held firmly, as otherwise, if the pipe should suddenly start with the full 
weight of tools above it, the pipe tongs might be wrested from the opera- 
tor's hands, resulting in serious injury. 

If the pipe refuses to go down after twisting, take off the fastenings 
which hold it to the clamp, place cable under spudder sheave and take up 
slack in cable until the drive clamps are lifted about 2 inches above top of 
pipe. Now start engine slowly, putting spudder into motion the same as 
when drilling. Regulate the stroke of the tools so that the clamps just 
strike top of pipe, letting off slack as pipe goes down. 

Do not run the spudder over .').") strokes a minute unless the pipe has a 
tendency to drive hard, when the engine can be speeded up, thus producing 
a much heavier blow. 

Continue the driving until the top of pipe comes within about one foot 
of the ground or at least until the lower end of pipe reaches the bottom of 
the hole. It may be that the hole is not deep enough to take the full length 
of pipe without leaving several feet extend above ground. If such is the 
case, try to drive the pipe far enough so that there will be sufficient space 
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between top of pipe and the crown pulley for the tools to be drawn from 
the hole. 

It is always considered rather risky practice to drive pipe ahead of the 
hole, and unless the pipe drives easy, it should not be attempted. 

The reason for this is that a large boulder might be struck which would 
cause the pipe to glance off, thus causing a slanting hole, or else the pipe 
might strike the boulder fair enough to crimp the end of pipe. 

Protecting Pipe for Driving. 

You will note that in the above instructions on pipe driving we have 
said nothing about the precautions it is necessary to take in order to protect 
the ends of pipe while being driven. 

We have intentionally omitted these instructions until now as the sub- 
ject is so important that it should be treated separately. 

As the soil through which the pipe must be driven may be full of boul- 
ders or may contain layers of gravel, cemented into hard pan, or other ob- 
structions may be encountered, and as it is necessary to force the pipe past 
these obstructions, some protecting device must be placed on the lower end 
of pipe which will prevent the pipe from collapsing or crimping on the end. 

If the nature of the material above bed rock is pretty well understood, 
and it is known that not a great many boulders w^U be encountered, or that 
no heavy bands of hard pan will have to be passed, then an ordinary pipe 
coupling such as conies with the pipe can be used, and will answer the pur- 
pose fully as well as any other device. 

If coupling is to be used and the amount of pipe necessary to use to 
reach bed rock is over 50 or 60 feet, or if a great amount of sand or gravel 
are to be driven through, then the coupling should have the following 
change made in it : 

You will note that the metal on each end of a coupling rounds outward 
from the inside. If the end of the coupling was left in this shape it would 
form sort of a wedge against the side of the hole and would drive very hard, 
especially if sand were encountered, or if it were necessary to drive through 
bands of soapstone or very firm clay. 

To prevent this wedging action, cut the end off of coupling far enough 
back so that the end comes square with side. Of course it is only necessary 
to cut off one end as the other end will be screwed onto the pipe. After end 
has been cut off, bevel the coupling from the inside outward, making the 
bevel at an angle of about 50 degrees. This work can be best done on a 
lathe. 

You will note that a coupling so shaped will cut a clean hole and will 
have no tendency to wedge in the hole, as the sides of the bore hole, as pipe 
is driven, will be forced into the inside of pipe by the action of the bevel. 

Some drillers cut a coupling in two in the middle and then use half of 
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coupling for driving purposes, but if tlie amount of pipe to be driven is over 
50 or fiO feet it is best to use a full coupling. In screwing the coupling on 
pipe, it should be screwed on as far as possible as the greater the number of 
threads meshed, the greater aiiiount of driving the coupling will stand. 

The threads on pipe and coupling should be carefully inspected before 
screwing together, and if any dirt should be present it should be removed, 
or if there are any smashed threads they should be filed until smooth. 

A plentiful supply of oil in ihe threads will greatly assist in the opera- 
tion of setting up the coupling. After the coupling is screwed on, the pipe 
should be carefully examined to see (hat no rough edges extend out into 
pipe as these rough edges if allowed to remain will come in contact with 
drilling cable and will wear it rapidly. 

In this respect we wish to add that all pipe used should be carefully ex- 
amined for flaws and obstructions, not only at the threads but for the full 
length of the pipe. 

Look carefully, not only on the outside, but on the in.side of the pipe. 
It sometimes happens that through some error in making, the metal in the 
pipe was not evenly distributed, leaving a very thin wall at some points. 

If a pipe so constructed is allowed to go into the hole it is very liable to 
collapse under hard driving, and if this occurs it will be necessary to pull 
the pipe, and if il is impossible to do this will result in the loss of the hole 
and all the pipe which is in it. 

If the material through which the pipe is to be 
driven is full of heavy boulders, or if hard bands 
are encountered, the protecting coupling used above 
will not prove adetiuale to protect the end of the 
pipe, and it is then necessary to use a specially con- 
structed protector called a drive shoe. 

These protectors are made of steel, tempered, 
and are so constructed that heavy driving can be done without fear of in-, 
juring the end of the pipe. The top of drive shoe is cut out, forming a 
sleeve, which fits up snug along the side of iho pipe, protecting it from all 
side strains which have a tendency to strip the threads. The threads begin 
at ba.se of sleeve and are cut down to within about 1 % inches of bottom of 
shoe. At the base of thread there is a sjioulder which comes against the 
bottom of pipe which thus transmits the full force of the blow from shoe to 
pipe without its falling upon the threads. 

Drive shoos are made in all sizes and can be furni.slied with threads to 
fit either drive pipe or casing. 

The lower end of pipe being taken care of, it is now necessary to con- 
consider the upi^r end of pipe on whicli the driving blows are delivered by 
the driving clamp. If the amount of pipe to be driven does not exceed oO 
to liO feet, and no heavy driving will l>e encountered, a coupling can be 
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used, taking it off after each piece is driven and putting it on the next piece 
to be driven, thus battering up but one coupling. 

If, however, much pipe is to be driven, or heavy driving is to be done, 
it is much better to use a regular drive head. 

A drive head is made of steel and is so constructed 
that the end of pipe when screwed into the head comes 
against a shoulder, and thus the blow falls directly upon 
the end of pipe without straining the threads. 

The top of drive head being made thicker than ordi- 
nary couplings and being made of steel, also stands much 
more driving without battering and thus furnishes a 
smooth bore for the cable to work through while drilling. 

Drive heads are made in all sizes and can be furnished with threads to 
fit either drive pipe or casing. 

Kinds of Pipe Used in Well Drilling. 

Pipe, as now furnished to the trade, is made of either wrought iron or 
steel. Years ago, before the Bessemer process of steel making was exten- 
sively used, all pipe was made of wrought or puddled iron. Owing to the 
fact that steel can be produced more cheaply than wrought iron, steel pipe, 
for all ordinary purposes, is now almost universally used. In fact, steel pipe 
is the only kind carried by many pipe jobbers, and wrought iron pipe can 
be obtained only by specifically stating when ordering, that *'This pipe 
must be Wrought Iron Pipe." 

There is now being put on the market, by the steel manufacturers, a 
brand of pipe called Wrought Pipe, and while this pipe is often furnished 
by jobbers for Wrought Iron Pipe, there is absolutely no wrought iron used 
in its making. We cannot see the reasons of the steel makers for introduc- 
ing this name into the pipe business, as it has resulted in much confusion in 
the classifying of pipe. 

Steel pipe possesses a much higher tensile strength than wrought iron, 
and when the pipe is to be used for carrying high pressure, and when it is 
to be placed so that it will be protected from the weather, it is to be pre- 
ferred to wrought iron. For casing wells, however, the wrought iron pos- 
sesses advantages over the steel for the three following reasons : 

1. Owing to its fibrous character wrought iron is tougher than steel, 
and the pipe will stand much harder driving. Steel pipe, under heavy driv- 
ing, seems to crystallize ,and often breaks off at root of threads just at top 
of coupling. Steel pipe also has a tendency to bulge at couplings when sub- 
jected to hard driving. 

2. Wrought iron pipe, when placed in the ground, or exposed to the 
weather, will last much longer than steel pipe. This point has been proven 
by hundreds of oil men throughout the country by examinations of casing 
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which has been removed from oil wells, after having been in the ground for 
years. Wrought iron pipe almost invariably comes out in good shape, 
while the steel pipe is deeply pitted, and in many cases is so badly rusted as 
to be worthless. 

The writer is unable to give any certain reason for the more rapid rust- 
ing of steel, but the theory advanced by metallurgists is, that the greater 
resisting qualities of wrought iron are due to the fact that the fibres of 
wrought iron are encased in thin layers of a silicious slag, which entered 
while the iron was being puddled, and which prevent the rusting agencies 
from coming in direct contact with the iron. 

3. More perfect threads can be cut on wrought iron than on steel pipe, 
and as the wrought iron is much tougher than steel, the threads will stand 
much heavier driving without stripping. 

Pipe as ordinarily used for drill work is listed under three heads : 

Merchant Pipe, Casing, and Drive Pipe. 

Merchant Pipe — This term is used to indicate the regular pipe of the 
market, and such orders are usually filled by the shipment of soft wrought 
steel pipe. The weight of merchant pipe will usually be found to be about 
5 per cent, less than card weight, in sizes li inch to 6 inches, inclusive. 

Merchant pipe is made in sizes ranging from li in. to 16 in. inclusive. 

From ^^ in. up to 1^^ in. the pipe is butt welded. Larger sizes are lap 
welded. The number of threads per inch of screw varies for the different 
.sizes, up to and including 2 in., but all threads on pipe above 2 in. are cut 
eight to the inch. 

As Merchant Pipe is designed to be used for carrying internal pressure, 
the threads are cut on a taper, so that as the pipe is screwed into the coup- 
ling, the metal of pipe and the metal of coupling will be drawn closer and 
closer together. While this style of thread will stand good hard driving, it 
is not so safe as the threads cut on regular drive pipe, which point will be 
discussed under drive pipe. 

By reference to the cuts of joints given on page 38, it will be noted 
that with this style of connection the ends of pipe do not meet in the coup- 
ling, so that when the pipe is being driven the full force of the blow falls 
upon the threads. 

Merchant Pipe can also be furnished with couplings having long sleeves 
projecting above the threads. 

This sleeve is formed by using a long coupling and then recessing a 
space into ends of coupling. The threads begin at end of recess, and when 
the coupling is screwed onto pipe the sleeve fits snug along the side of pipe, 
thus protecting the threads from all side strains. 

Sleeve couplings are not regularly furnished with the merchant pipe, 
and will not be sent unless the order specifically calls for them. A small 
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extra charge, above the regular coupling price, is usually made for tliem. 

T!ie table on following page gives the various weights and dimensions 
of merchant pipe. 



Illustrations of Couplings and Joints used on 
Various Kinds of Pipe. 



Line Pipe— Coupling Joi 



Merchant Pipe— Coupling Joi 



Drive Pipe— Flush Joint, 



Drive Pipe^CouplinK Joint. 



Couplinf{ Joint fur Casing. 



34 



THE CYCLO^:E DRILL CO. 



^ 



u 

•^ 

ti 









*^ 




« 




^ 


I 




• *M 


o 


Ol 


» 


•o 


a 


c^ 


S 


•o 


'*' 




(/) 


^ 




^ 







OB 


^ 




o 


CA 


(/^ 


•o 


"O 


S3 


q 


c 




♦rf 


d 


c/) 





«M 


S 







•> 


^ 


;> 


•a 


♦- 
ti 


9 





4) 



c 



*s 

c 

4^ 

E 



Weight of 

Water per 

foot of 

Length 


5 


OOOOr-icCiCl-'-CCi-tO^'^Q0iCCCOC^>CO 


r-l r-l C^ (M cc 


Contents 

in Gallons 

per foot 




OCOl^fMOOOOOXrNOJCXOOCO 
OOOOOOOO^'MCC^CCQCO'^OtCCCOO 


T-H T-H r-l C^ CO ^ 


No. of 
Threads per 
inch of Screw- 






Weight 

per foot of 

Length 


Lbs. 


oi Tf lO X 1-1 CO '>4 vC CO I- ic o t- ^ >c t^ 't 00 o :c 


^T-('N!MCOiCl-C:OG^'-t^XCOXM<0 

,-Hi-HT-^,— iC^G^CO'^ 


Length of Pipe 

containing one 

cubic foot of 

surface 


Feet 


iciOi0^cs:Oi-icooxc^x:oo 

»OTf OS-MCOCOr-iT^iCCOOC^IGSt^XOIX 


o^^<MOcooo'Moa5^^ait^'tcc<Mo>ir-i 
O X Lt; r^ i^ ^ Oi I- t CO — ^ i-H 

lO CO I ^ -^ ri r-l 
<M r-i 


External 
Area 


•g 

c 


Ci C: X Tf X- l^ -^ i-C O ^ T-H CO -^ iC 05 1-t CO CO iC <M 

(M<M»C'»ccoiccocococioi;oocoa5i^O(Mi-iG5 

1-* 'M^ CO to X CO ^ X ^ '^ CO lO 05 CO C^ ^ CO 'i^ t^ l^ 


r-i'M'M-fC005(MtC05^'tlCXCOO 

r-lr-lr-l<MCO'^lOL'-Ci 


Internal 
Area 


B 


l^^^'^CO-MCOXiCCOXl-OOiOCil^CiCOX 
lOOOOCOCOCiCOtCXXCOCOCOOiXCOCOCOCO 
O 1-1 ^ CO lO X ^ O Ct t- CO X t^ c: Ot X l^ O CO X 

i-H3<ICO^t«-C:(NiCCiXXOCOX 

rHr-lr-l(MCOtOCOl^ 


Length of Pipe 

per sq. foot of 

Outside Surface 




tot— C<lt— CO^-^ i-hXi— •iCCitOCtl— tO-^TfiC 
^ I - >C O CO O O ^ '-^ 'N C: >0 -^ CO (M I^ O ^ 05 to 

^ o CO to CO as CO o CO CO o c: x r-- co to >o ^ co co 


Ci t^ to -t CO -M ^ -M ^ ,-1 1-1 


External 
Circumference 


.c 
u 
e 


c<icO'-^'MO:'t^toc:^oq:ocoi-XLOco^cocO(M 
1- Ci !M to o: CO ^ CO 'CO CO c: CO CO o t-- 1-t to :?:■ CO I- 
(^^■co^cOG^^T-(^^c:-^OCitOl-tt-^xc:0'^l■- 


1-t 1-H O^ -M CO "^ to to 1 - Oi O Oi rf to l- O CO l"- O lO 


Outside 
Diameter 


Inches 


0^»--ttO^CO I-I- CO^'M'MXtO 

-ttocoxocococicoxtO' to tococococor- 


^^^^0^1C<ICO-t^tOtOCOl-XCSO 

T-l 


Inside 
Diameter 


Inches 


•SCO \-J X \N -W S-j - ^ XJN ^ r^ \^ 
(-i\ mS >^ 1-iN r«T» 1-^ >-«N. mS <-tN i.n\ 

^ ^ ^ -M c^ CO CO -t ^ to CO 1 - X o: o 

1-H 



ORRVILLE, OHIO, U. S. A. 35 

Casing — Casing is a kind of pipe which the needs of the oil well bus- 
iness brought into the market. It is made in many sizes not found in stand- 
ard pipe, and nearly all sizes above 4 inches are made in several weights, so 
as to cover the varying needs of the oil well business. 

Casing is designed to be used for casing off water or other troublesome 
material, which may be encountered after the drive pipe has been seated in 
the rock, and is not intended for heavy driving. 

For ordinary water well work, however, it may be driven, if the heav- 
ier grades of casing are used. We do not recommend that it be used, if a 
long line of pipe has to be driven, as both merchant pipe and drive pipe will 
stand much heavier driving. 

There are three styles of joints used in casing: The ''Socket Coup- 
ling,'* the same as used on Merchant Pipe, only with finer threads, the * 'In- 
serted Joint," and the "Flush Joint." 

Inserted Joint — The Inserted Joint is made by cutting a thread on 
one end and expanding the other, and cutting in it an interior thread, so 
that the end of one piece screws into the end of another. Casing with this 
style of joint should not be driven. 

The Inserted Joint, while somewhat smaller in external diameter than 
a regular coupling joint, is yet larger than the Flush Joint. 

Flush Joint — The Flush Joint on casing is made by cutting interior 
and exterior taper threads on the ends, so that the end of one piece will 
screw into the other. 

Flush Joint Casing has the same inside and outside diameters at the 
joints as at other places, so that it is perfectly flush, both inside and out, 
thus permitting the use of the largest possible casing inside of a pipe of 
given size. 

As Flush Joint Casing, owing to the joints, is not strong, it should be 
handled with great care. 

The table on following page gives the various weights and measure- 
ments of casing of diiferent sizes. 

Drive Pipe — Drive Pipe is made of either merchant pipe, full weight 
pipe, extra strong pipe, or double extra strong pipe. 

Standard Drive Pipe is made of same weight stock as merchant pipe, 
the difference between merchant pipe and drive pipe being in the kinds of 
threads and couplings used. 

Owing to the fact that drive pipe is intended for driving purposes only, 
the threads are cut straight, so that the ends of pipe meet or "butt" in the 
center of the coupling. 

By the u.se of this kind of joint, the force of the driving blow does not 
fall entirely upon the threads, and thus the danger of telescoping is reduced 
as much as possible. 
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To get this result, however, it is necessary that the pipe be screwed 
into the coupling until the ends meet. To be absolutely sure that the ends 
"butt," it is best to count the number of threads between end of pipe al- 
ready in the coupling, and the last thread in coupling, and then by counting 
an equal number of threads on the end of pipe to be inserted, it can be told 
with absolute certainty whether or not a correct union is being made. 

When extremely severe driving has to be done, it is best to use drive 
pipe made from full weight pipe, extra strong pipe, or double extra strong 
pipe. 

The last two kinds are seldom used, except under special conditions, 
owing to their high cost, but the full weight pipe is extensiveh* used, when 
long lines of pipe must be driven through bouldery ground. 

The term "Full Weight Pipe'* is used for pipe which is above card 
weight. All such pipe is made from plates which are exj^cted to produce 
pipe of card 'Weight, and most of such pipe will run full card to a little above 
card, but owing to exigencies of manufacture, some lengths may run slightly 
below card, but never to the extent of more than 5 per cent. 

You will note from the description of merchant pipe, that it runs from 
o to 10 per cent, below card, so that the stock used in full weight pipe is 
somewhat heavier than merchant pipe. 

Extra Strong and Double Extra Strong Pipe are much heavier than 
either Merchant or Full Weight Pipe, but owing to their high cost, espec- 
ially in the larger sizes, are not to be recommended for use except when the 
driving conditions are of the very worst. 

In figuring sizes on Extra Strong and Double Extra Strong, it \x\\\ l)e 
seen that while the walls are much thicker than Merchant Pipe, the external 
diameters are practically the same, the extra thickness being added on the 
inside, thus reducing the internal diameter. 

As an example, 4 inch merchant pipe has an outside diameter of 4.5 
inches, and an internal diameter of 4 inches, while 4 inch extra strong pipe 
has an external diameter the same as merchant pif>e, but an internal diam- 
eter of 8.8 inches. 

The couplings used on drive pipe are made extra long and heavy, and 
are provided with long sleeves to protect the threads from vibration and 
side strains. 

Resides the coupling joints, drive pipe is also furnished with flush 
joints, and w*hen extra or double extra strong pipe is used, flush joint pipe 
will stand moderately heavy driving. 

The flush joint pipe is mostly used for driving through compact .sand 
or gravel. 

The advantage which it possesses over the coupling joint being that it 
pre.sents a perfectly smooth surface on the outside, and can thus be forced 
through the clinging sands with the lightest possible blows. 
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Galvanized Pipe. 

It is the almost universal belief that galvanized pipe will last much 
longer than the ordinary black pipe, and also the water which stands in gal- 
vanized pipe is much purer than if the water stands in iron pipe. Neither 
of the above beliefs is true. 

It might be that the galvanized pipe would last somewhat longer than 
the iron if it were possible to get it into the ground without breaking the 
thin layer of galvanizing, but under ordinary drilling conditions this is an 
impossibility, as the action of the drilling tools inside of the pipe soon wears 
deep scratches through the coating and into the iron. Also, when the pipe 
is driven through heavy layers of gravel, the sharp stones cut through the 
coating. 

After the film of zinc has been broken through, it seems as though 
some sort of galvanic action starts up between the iron and zinc, and the 
rusting proceeds with even greater rapidity than if ordinary iron pipe were 
used. 

In regard to the healthfulness of water standing in the two kinds of 
pipe, the verdict is much in favor of the iron pipe. 

It is true that iron pipe, in rusting, forms an oxide, which, under some 
conditions is pumped out with the water, causing it to have a slightly red- 
dish tinge, but this iron oxide is absolutely harmless, it is in fact rather 
healthful. 

On the other hand, the oxides and carbonates which the zinc galvaniz- 
ing forms, and it does form them, though slowly, are poisonous. 

The writer knows of several wells, in which galvanized pipe was u.sed, 
that have been abandoned or else have been re-cased with iron pipe, owing 
to the peculiar taste imparted to the water by the zinc. 

An article bearing on the use of galvanized pipe, in the water mains of 
Rumford Falls, Maine, appeared in one of the recent Geological Survey 
Water Supply Papers, and from which, owing to its bearing on the above 
subject, we are taking the following extracts : 

"An interesting case connected with this supply was reported by the 
manager of the water company. The inhabitants of the village objected to 
the water from time to time, for the reason that it was supposed to be con- 
taminated. In VH)5 a series of samples were collected and submitted for 
analysis to Prof. F. C. Robinson, of Bowdoin College. The results of these 
analy.ses are given in the table (Nos. 187 to 180), in which sample 1 was 
taken from the pumping station, sample 2 from the end of a long galvanized 
iron main, and jsample 3 from Hotel Rumford. These analyses show that 
the total solids are rather low. In sample 2 there were 20 parts per mil- 
lion more than in 1 or 3. The chlorine, silica, calcium carbonate, sulphates 
of sodium and potassium, and sodium chloride are the same, or very nearly 
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so, in all three analyses, but the carbonate of iron differs. The one surpris- 
ing discrepancy in the analyses is that the amount of carbonate of zinc re- 
ported is 1.083 parts in sample 2, which was taken from the galvanized iron 
main, while samples 1 and 3 showed no zinc. It is also noticeable that 
the carbonate of iron is greatest in the sample taken from Hotel Rumford, 
while the iron in the water at the pumping station is small. This seems to 
indicate, as stated by Professor Robinson, that the water in traveling 
through a galvanized iron main dissolves a considerable quantity of zinc, 
owing to the carbon dioxide in the water. This gas is more often present 
in well water than in river or lake water, and it is a desirable constituent, 
but it seems to have a bad effect on the water by dissolving the zinc. The 
iron causes a deposit when the water stands. The zinc renders the water 
unfit for domestic use, and is probably the cause of some of the taste which 
is reported. For this reason Professor Robinson recommended that galvan- 
ized iron connections be taken out and connections of tin lined or brass pipe 
be- substituted. The brass pipe is probably the best, but is more expensive. 
The bacteria in the water are all harmless. As seen by analyses, they were 
most numerous at the pumping station and decreased rapidly toward the 
points where the water was used. The results of these analyses seem to in- 
dicate strongly that the taste complained of was due to the use of galvan- 
ized iron connections. '■' ^^ * *-»- The pipes connecting with the mains 
in the streets are 16 inches in diameter, but in the di.stant parts of the town 
the mains are as small as inches. There is one mile of 16 inch pipe, and 
in all there are about five miles of pipe. Black iron pipe is used at 

PRE.SENT AND IT SEEMS TO GIVE SATISFACTION." 

Drilling Operations — ( Continued ) . 

After the first length of pipe has been driven, as described on pages 20 
to 2^), inclusive, remove the driving clamps from the stem and lower the 
tools into pipe. It will be noticed that the tools do not go to the bottom of 
pipe and also that when drilling, the tools strike the bottom as though drill- 
ing on some very hard substance. 

The cause for this is that as the pipe is driven the sides of the hole are 
cut down by the drive shoe or coupling, thus forcing a plug or core up into 
the pipe. 

This core will l>e found to drill much slower than the dirt, and thus it 
is best to drill the hole as large as possible so that the plug will not be driven 
into the pipe harder than necessary. 

After this plug has l)eeii drilled out continue the hole by drilling and 
bailing until the top of rope socket comes about even with the bottom of 
pipe. 

If the material l)eing drilled is a firm clay or substance which stands up 
well, the hole can be drilled even further ahead of the pipe, but if there is 
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any gravel in the material or for any other reason it shows signs of caving, 
do not allow the top of socket to pa«s out of pipe. 

If it is possible to do so it is always best to keep the drill at least 3 to 
5 feet ahead of the pipe, as the drill will cut out under the pipe, drilling a 
hole larger than the bit, thus making the driving of pipe much easier. 

Drilling ahead also has the advantage of exploring the ground ahead of 
the pipe, and thus the presence of boulders or any other obstructions can 
be a.scertained. 

As the hole deepens connect on more pipe, driving it down as previ- 
ously described. The length of pipe to be used depends upon the distance 
it is possible to drill ahead. 

A close record of the lengths of pipe used should be kept so that the 
driller at all times knows the depth of lower end of pipe. In making meas- 
urements of pipe the lengths should be figured from the end of pipe to the 
middle of coupling. 

Before screwing the different lengths of pipe together the threads should 
be carefully cleaned and liberally oiled, and if any threads are smashed they 
should be filed until smooth. 

Thread Chaser. 

A .simple little tool for cleaning dirt or grit from threads can be made 
as follows : Secure a piece of wood 2 inches wide, m inch thick and of such 

length that it will go inside of pipe coupling. Bevel 
one end, making the l^evel at an angle of about 30 
degrees. Place the edge of beveled end of piece on 
the threads on end of pipe with the width of piece 
in line with length of pipe and holding it so that 
the length of piece is in line with diameter of pipe, 
tap it lightly with hammer. The threads will be 
driven into end of wood and will thus form a 
"chaser" corresponding to threads on pipe. 

By following the threads with this tool all loose 
dirt and grit can be quickly removed. As this tool 
can be used for cleaning the threads on both the 
pipe and in the coupling, its length should be such 
that it can be used in coupling. 

Casing Pole and Rope. 

As much time is consumed in .screwing pipe to- 
gether when pipe tongs are used, and as the hand- 
ling of the heavy tongs is rather laborious work, drillers generally u.se what 
is known as a Casing Pole and Rope for .screwing the joints together, only 
using the tongs for setting up the joints at the fini.sh. 
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The construction and operation of this appliance is as follows : Take 
a piece of ^ inch rope, 6 to 8 feet long and splice an eye in one end, mak- 
ing the eye about 5 or 6 inches long. Tie a knot on other end of rope, so 
tied that it comes within about 
4 inches of end. Take the knot 
end of rope and starting it from 
left side of pipe, as you face 
pipe, make one turn around pipe. 
Now take the rope which comes 
along side of knot, and make a 
half turn around knot, and then 
wrap it from left to right until 
the rope is wrapped to the eye. 
This is the way the rope should 
be wrapped for screwing up the 
pipe. For unscrewing just re- 
verse the operation. 

After the rope has been 
wrapped, place a 4 foot stick, ] Ja to 2 inches in diameter through the loop, 
so placing the stick that the loop comes in the middle of the stick. This 
will leave handle 2 feet long projecting on either side of pipe. By the driller 
stationing himself on one side of pipe and the helper on the opposite side, 
the pipe can be screwed together in an almost continuous motion. 

Pipe Clamps. 

Another device which often proves of as.sistance in handling pipe is a 

pair of pipe clamps. 

It sometimes happens, when drilling a plug out of the pipe, that the 

drilling blows on the plug have a tendency to drive the pipe further into the 

hole, and as all joints of pipe should be connected at the surface where they 

can be thoroughly in- 
spected, the clamp.s 
should be placed on the 
pipe to prevent it from 
driving into the hole. 
The clamps can also be 
used for pulling pipe 
with jacks. This point 
will be discussed later. 
Another use to which the 
clamp can be put is in 
starting a hole when the 

start must be made on solid rock. This point will be di.scussed further on. 
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A pair of clamps can be made as follows : Secure two pieces of hard 
wood timber 5 x 5 inches or 5 x 6 inches, 3 feet long. Recess into the 
center of each piece a rounding cut about 1 J4 inches deep, the cut being 
laid off on a diameter equal to the diameter of the pipe. In both ends of 
each piece, and at a distance of about 8 inches from the center, bore an 
inch hole, so placing the holes in the two pieces that when the centers of 
pieces are placed together the holes come in line. 

ITse i/i inch bolts to clamp the blocks together. Heavy bridge washers 
should be used on both ends of bolts, and the threads on bolts should be cut 
for a distance of three inches to allow for a varying range of pipe diameters. 

Drilling Through Clay. 

As a rule clay will offer no serious obstacles. The main difficulty ex- 
perienced is that it mixes with the water slowly, and thus if an attempt is 
made to force the drill into it the bit will become plastered with a ' 'clay 
ball" which will prevent the tools from turning, also the bottom of hole will 
become filled with * 'clay balls' ' which will plug up the valve in bailer. 

In drilling clay, 25 to 30 feet of water should be kept in 
the hole, as an abundance of water will not only assi.st in mix- 
ing the clay but will also furnish water enough to fill the 
bailer, so that any clay balls which collect on the valve will 
will be forced out of bailer by the water when the bailer is 
dumped. 

There are certain kinds of clays which, owing to their 
greasy nature, will mix so extremely slow that to make any 
appreciable progress it is necessary to handle them in a special 
manner. 

The most common method employed is to dump sand or 
fine gravel into the hole. The sand under the action of the 
tools is forced into the clay, thus cutting its greasy texture 
and making it mix more readily. Usually one gallon of sand 
in a 5 inch hole will be found sufficient to mix with 1 foot of 
clay drilled. 

Always dump in the .sand before putting the tools in the 
hole as otherwise the tools are liable to be wedged. 

Another means of drilling through clay is by the use of 
an excavator or clav socket. The socket is .screwed onto bot- 
torn of .stem in place of bit and is forced into the clay until it is full, by rais- 
ing and dropping the tools, when it is withdrawn, the clay remaining in 
socket until surface is reached, when the socket is cleaned. 

Drilling Through Sand and Gravel. 

As a rule .sand and gravel present the nio.st difficult drilling of any ma- 
terial encountered above bed rock. 



Excavator or 
Clay Socket. 
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Owing to the fact that it is impossible to drill but a short distance ahead 
of the pipe it is necessary, unless the pipe is driven ahead of the hole, to 
drill but a few inches and then drive the pipe. 

In sand and gravel, hole can be made most rapidly by driving the pip>e 
ahead and then drilling out the plug which has been forced up on the inside 
of pipe. When driving ahead, care must be taken, however, to see that the 
pipe is not driven onto a boulder, which will collapse the end of pipe or de- 
flect it out of line. The blow used in driving should be just heavy enough 
to move the pipe. Do not allow the full weight of the tools to fall upon 
pipe, but adjust the stroke so that the blow delivered is just sufficient to 
keep the pipe moving. The presence of large boulders can then be detected, 
as the pipe, when the boulder is struck, will not drive and w411 appear to 
jump back after each blow. 

When the pipe refuses to drive do not try to force it by using heavy 
blows, but remove the drive clamps, drill the plug out of pipe, and see what 
is causing the trouble. It may be that the plug has been driven so solidly 
that the pipe refuses to move under a safe driving blow, and if such is the 
case, the pipe can be made to drive by drilling out the plug. If a boulder 
is struck it must be handled as described further along. 

Owing to the fact that sand does not mix with water, in the same sense 
that clay and water mix, quite a saving in time in drilling out a sand plug 
can be made if some clay is dumped into the hole before the tools are low- 
ered. The clay serves the purpose of making a thick solution in bottom of 
hole, and thus holds the sand in suspension. 

Clay can also be made use of when drilling through dry .sand and gravel. 

Sometimes a sand or gravel is encountered which contains no water, 
and is packed so firmly that a pipe cannot be forced ahead into it. Another 
trouble caused by this dry material is that the water which is poured into 
the hole is immediatel)' drained off. 

To make the hole hold water, dump in two or three gallons of stiff clay 
well chopped up, then pour in ten or fifteen gallons of water. The tools 
will force the clay into the spaces between the grains of sand and gravel, 
making the hole water tight. Not only will the clay seal the hole and make 
it hold water, but it will form a wall which will prevent the sides of the hole 
from caving, and will thus make it possible to drill ahead of the pipe. 

One point to be carefully watched when driving pipe ahead of the hole 
and when the well is to be made in gravel, is that the pipe is not driven past 
a water bearing stratum, thus shutting off a good stream of water. If the 
well is to be made in rock, the above point need not receive any considera- 
tion but when it is desired to prospect each gravel stream, the bottom of the 
pipe must be opened up, from time to time, to allow a test to be made. 

It sometimes happens that a fine sand is encountered which has behind 
it a strong water pressure, and which as soon as the plug is drilled out, 
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forces itself up into the pipe. If the sand is very fine or is in the nature of 
a quicksand, it may rush into the pipe with such rapidity that, unless the 
driller is watching carefully, the tools may be covered and fastened in the 
hole. 

A driller should always keep close watch of the drilling tools, but he 
should be especially careful about the time the bottom of a sand plug is be- 
ing drilled through. 

If the cable seems to Ijecome slack, or the tools seem to drag, the hoist 
.should be immediately thrown in gear, and the tools lifted completely out 
of the hole. 

As the sand is forced into the hole by a pressure which is behind it. 
the drilling out of a plug can be made much safer by filling the hole wdth 
water about the time the bottom of the plug is reached. The water in the 
pipe will balance the pressure behind the sand and will prevent it from com- 
ing in with a rush. 

Instructions for making wells in sand and gravel w'ill be given further 
along. 

Drilling Through Bouldery Ground. 

Large boulders may be encountered in any part of the country, and in 
any kind of material above bed rock, but are most numerous in those re- 
gions covered by glacial drift. 

If a boulder is struck fairly on top, it will be necessary to drill through 
it to determine its thickness, and then split it by the use of dynamite. This 
is done as follow^s : 

After hole is drilled through boulder, and its thickness determined, fill 
up the hole with fine sand until bottom of hole comes about one foot below 
center of boulder. Place 2 to 20 pounds of 40 to 60 per cent, dynamite in 
hole. The amount of explosive to use depends upon size of boulder, but 
unless the boulder is more than three feet through, three to four pounds 
will usually be ample. 

After the dynamite has been placed it should be covered with two or 
three feet of sand and the hole filled for at least twenty-five feet with water, 
the water serves as a tamping, thus confining the explosion and making it 
more powerful. 

If the boulder has been encountered while drilling four or more feet 
ahead of the pipe, the charge can be fired without fear of injuring the end 
of pipe, but if pipe is seated on top of rock, it will be necessary to draw it 
back four or five feet. 

The pipe can be drawn back by the use of Jack Screws or by means of 
Cyclone Pipe Pulling Device, description of which is given further along. 

The dynamite should be fired by the u.se of a firing battery, as by this 
means it is possible to place the explosive at just the right point and then 
fire it when everything is ready. 
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Care must be taken in pulling back the pipe to see that the explosive is 
not disarranged, but the sand which was poured on top will hold it pretty 
firmlv. 

After the charge has been exploded lower the tools into the hole to de- 
termine the condition of same. 

If rock has been split, drive pipe completely through it, using driving 
blow as light as possible. The reason for driving the pipe completely 
through is to shut off any pieces of rock which may have been torn from the 
boulder, and which might fall in on tools, wedging them in the hole. 

Sometimes, though rarely, large boulders or pieces which have been 
torn from cliffs, and which are ten or more feet through, are encountered, 
and which may be mistaken by the driller for bed rock. 

It is generally possible to tell whether or not the rock is a boulder by 
an examination and comparison of the materials which lie directly above 
and directly below the supposed bed rock. 

Large boulders can be split the same as the smaller ones, but it may re- 
quire the firing of several charges of explosive. 

When boulders are .struck in such a manner that the tools do not strike 
them fairly, but glance off at the side, they can be gotten rid of by shooting 
them out of the way. Four or five pounds of 40 per cent, dynamite placed 
in the hole opposite the boulder, and fired, will usually force the boulder far 
enough out of the way to allow the pipe to pass. 

Do not attempt to drive the pipe pa.st a slanting boulder as the pipe may 
be forced to one side thus making a slanting hole. 

In those parts of the countr>' covered by glacial drift, or in valleys be- 
tween steep cliffs, boulders are often so numerous as to form "nests," in 
which the boulders are so interlocked as to make it impossible to drive pipe 
through them. These "nests" can be spread apart by firing repeated 
charges of explosive. 

Caution — If the reader is unfamiliar with the handling of explosives, 
we would suggest that he secure the services of someone to instruct him or 
else purchase some good book on the subject. 

If a few fundamental principles of the action of explosives are under- 
stood, and the explosives handled in a careful and intelligent manner, there 
need be no excuse for accidents, but as it is true, as .some mining engineer 
recently said, "The business of explosives is to explode," we would urge 
that no chances be taken. 

Seating Drive Pipe in the Rock. 

When seating drive pipe in the rock care should be taken to see that an 
absolutely tight joint is made. This is an extremely important point to 
watch if flowing water is being drilled for, as a loose connection between the 
bottom of pipe and the rock may allow the water to fiow off through some 
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subterranean channel between the surface of the ground and the bottom of 
pipe, and thus the water will never reach the surface, or if it does reach the 
surface, the stream which flows will be much smaller than otherwise would 
be obtained. 

Even if flowing water is not expected, it is necessar>^ to make the best 
well, to make an absolutely tight joint. If a hundred feet or more of pipe 
is driven, the water will usually stand several feet up in the pipe, and many 
times comes within a few feet of the surface. It can readily be seen that 
if a tight union is not made, the water will have a tendency to flow off be- 
tween the bottom of pipe and the rock, thus reducing the strength of the 
stream and placing of the pump cylinder much lower in the well than other- 
wise would be necessary, thus making the pump work much harder. Not 
only does a leaky union make it necessary to place the cylinder lower, but 
it causes a large loss of water, and this is a thing that every driller should 
guard against, and must guard against if the well drilled is expected to be 
pumped to its fullest capacity. 

Many concerns using water from several wells now^ pump them with 
compressed air, and it has been fully demonstrated that a leak between the 
pipe and the rock, which allows the water to partially drain off, reduces the 
efficiency to a marked degree. 

It may be thought that where the bed rock lies directly below a thick 
bed of clay there is no chance for the water to escape, but you must remem- 
ber that the coupling, or drive shoe, on the end of pipe, cuts a hole larger 
than the pipe, and as the water is often under many pounds pressure, it will 
force itself up along side of pipe and flow off in the first porous stratum en- 
countered. 

To properly set the pipe it should not come closer than four feet of the 
rock, until the rock has been penetrated to a depth of one foot. By doing 
this the bit will cut under the pipe, and the hole which is drilled into the 
rock will be larger at the top than the size of the bit, and gradually taper 
down until it is practically the same size as bit. Thus a funnel-shaped hole 
will be started in the rock, and the pipe when driven will wedge tightly in 
the hole. 

If gravel lies immediately above the bed rock it will be impossible to 
drill so far ahead of the pipe, and thus the pipe will have to be driven to 
rock before a seat is provided for it. In this case, after having drilled into 
rock for about six inches, drive the pipe, using light blows. The idea is 
to force the drive shoe to chip off the sides of hole and bury itself in the rock. 

Sometimes the top of bed rock is soft and after the hole has been drilled 
it is possible to drive the pipe into it for some distance. In driving pipe into 
rock use light blows, as the drive shoe has to force itself into the hole by 
chipping off the rock, and if heavy blows are delivered the threads on pipe 
may be stripped and the pipe telescoped. 
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In some parts of the country the bed rock is found to lie at an angle, 
and unless the driller is verv careful the hole in rock niav be started on a 
slant, thus necessitating reaming out and straightening up the hole. When 
slanting bed rock is found the drive pipe should be driven until the pipe 
rests on high side of rock, and then the slack taken up in cable until the 
tools just touch the bottom. Do not try to hasten the work by allowing the 
tools to strike full weight as they will glance off and a crooked hole will al- 
most invariablv result. 

If you find that the hole is going crooked in spite of all you can do, it 
will have to be reamed out, and this process is described further along. 

A slanting or crooked hole can be determined by the action of the tools. 

In a crooked hole the top of the tools seem to drag and the tools do not 
turn free but seem to bind when turned in different directions. This is due 
to the fact that the cutting edge of the bit is longer than it is wide, and 
when the long way of the bit is turned against the crook in hole the tools 
seem to .stick and bind. By examining the drilling tools it is also po.ssible 
to determine whether or not the hole is straight, as tools when used in a 
crooked hole are severelv scratched and worn. These scratches will be 
found on the collar of bit and along the collars of Rope Socket and top of 
vStem. 

After the pipe has been seated and the rock penetrated for about two 
feet the union between pipe and rock should be tested by filling the hole 
with water. If the water does not maintain its level it is certain that the 
joint is leaking, the amount of leak being determined by the rapidity with 
which the water recedes in the pipe. 

If you are unable to stop the leak by further driving of the pipe, it will 
be necessary to cement the bottom of hole. 

To do this, bail all the water from the hole and fill it for about 4 feet 
above the bottom of the pipe with 3 parts cement and 2 parts very fine sand. 
If you are unable to secure very fine sand use simply the cement and water, 
as the sand, unless very fine, will fill up the small spaces and not allow the 
cement solution to get in around the pipe. After the solution- has been 
placed in the hole lower the drilling tools and by placing the cable on Spud- 
der, churn the tools up and down for about 10 minutes. This will force the 
cement into the spaces around the pii:>e. Next remove the tools and bail 
out the solution until it comes but .^ or 4 inches above the bottom of pipe. 

It is not absolutely necessary to remove the surplus solution, but if it is 
removed it makes that much less plug to drill out. If the hole is dry allow 
the solution 24 hours in which to set, but if the hole makes water in any 
amounts at all it will l)e necessary to give it at least (>() hours. 
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When drilling wells in valleys or along river or creek bottoms, it is 
sometimes found that the bed rock is covered with gra\-el in which there is 
a very large amount of water. 

When the above condition is met it is often impossible to cement the 
hole, owing to the fact that the amount of water is so great 
that the cement solution is washed awaj' as fast as it is put 
in the hole. To make a tight union under this condition, 
it is necessary to drive to bed rock a pipe of internal diam- 
eter large enough to admit a pipe of the si^e that it is de- 
sired to drill the well. Thus, if the well is to be 4 inches 
in diameter, it will be neces.sary to drive a () inch pipe to 
bed rock. After the 6 inch pipe has been driven solidly to 
the rock, drill into the rock for a distance of 2 or 3 feet, 
with the 6 inch bit, and then put on a 4 inch bit, and con- 
tinue the hole for another 2 or 3 feet. 

In starting a 4 inch bit, in a 6 inch hole, care must be 
taken to see that the hole does not drift off to one side, as 
a 4 inch bit has quite an amount of play in a 6 inch hole. 
To prevent drifting, the cable should be kept tight, and the 
tools just allowed to strike the bottom. If you have a 5 
inch bit, is is safer to reduce from the 6 inch to the S inch 
and then from the .i inch to the 4 inch. 

After the hole has been reduced to 4 inches, place the 
4 inch pipe inside the 6 inch pipe, and continue the 4 inch 
pipe from the top to the bottom of the hole. After 4 inch 
pipe has been seated, tap it lightly with the tools to set it 
firmly. 

Test the 4 inch pipe to see whether or not it leaks at 
bottom, and if it holds water, the 6 inch pipe can be pulled 
leaving the 4 inch pipe in the gronnd. 

Drilling Jars. 

As soon as the bed rock is reached, and the pipe prop- 
erly seated, the jars should be placed on the tools. 

For ordinary drill work, the jars are placed between 
the rope socket and top of stem. To do this, allow the 
tools to hang in the hole and break the joint between rope 
socket and stem, and then, placing the left hand tool wrench 
on square of stem allow the weight of tools to rest on 
wrench. The left hand wrench should be used as it will 
then come right for setting up joint after jars have been 
Tars. screwed onto stem. 
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Allow the weight of tools to rest on wrench and then unscrew the rope 
socket. Next screw socket onto jars and hoist the socket and jars until they 
hang directly above the stem. Now connect jars to stem and set up the 
joint with wrenches. After this joint has been set up lower the tools and 
set up joint between socket and top of jars. Before taking off the wrench 



to lower the tools, to set up the top joint, this joint should be examined to 
see that it has not been unscrewed while setting up the joint between bot- 
tom of jars and top of stem. 

Jars are constructed with a link connection, the link as a rule having a 
stroke of from r, to « inches. Some jars are made with a stroke of from 20 
to 36 inches, but these are made especially for fishing jobs, and are not to 
be recommended for regular drill work. 

The u.se of jars adds nothing to the direct drilling efficiency of a set of 
tools, the only time they are called into use being when the tools become 
fast in the hole. 

In drilling, the cable is kept perfectly tant and the blow delivered by 
the tools on the bottom of the hole, conies from tJie stretch of the cable. 
As long as the cable is kept at the right tension, the jars do not open and it 
should be the aim of the driller to .so regulate the stroke and tension on the 
cable, that the bit strikes on the bottom of hole without movement on part 
of the jars. 

In ca.se the tools become fast in the hole, let b to 10 inches of slack in 
the cable, and if the machine is operjrfed by .steam power, run the engine 
on the forward direction and then on the reverse. If the machine is ope- 
rated by ga.soline power, let in slack enough so that the spudder crank will 
pass lower center. Vou will note, that when .slack is let in cable, and the 
spudder operated that a heavy blow is delivered. It is for the delivery of 
this blow that the jars are used. 
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It is a well known fact that a blow is much more effective than a 
straight pull, and thus while the tools often become so firmly fastened in the 
hole that it is impossible to loosen them by a straight pull, they can be eas- 
ily loosened by a few blows of the jars. After the tools have become loos- 
ened take up slack in cable, and continue drilling as before. 

The jars should be carefully watched to see that they do not crack and 
each time the tools are removed from the hole, the jars should be tested by 
striking each rein with a hammer. A cracked rein can be detected by the 
fiat sound it gives out when struck. 

It will be noted that after jars have been used some time, a burr forms 
where the two links come together. This burr should be kept trimmed 
down, .so that jars work easily. 

The reason jars are not used when drilling above bed rock is that there 
is little liability of the tools becoming fastened when drilling in clay, sand, 
gravel, etc., and as the jars add about 5 feet to the length of the tools, it 
makes the handling of pipe more troublesome. 

Drilling in Rock. 

The first thing to learn when drilling in rock, is to get the proper stroke 
to the tools. In the .softer materials above bed rock, a clo.se adjustment of 
the stroke is not of such importance, but where it is desired to cut rock at 
the best possible rate, it is absolutely necessary that the stroke be just right. 
It will be noted that the tools have a tendency to bounce when the rock is 
struck, this tendency being greatest in the hard rock, and the engine should 
be run at such a speed and the cable kept at such a tension that the tools 
are caught on this upward bound. 

If the tools are run at such a slow rate, or the cable is so slack, that the 
tools .settle back after each blow, it not only requires more power, but the 
cuttings will have time to .settle in the bottom of the hole and thus the tools 
in.stead of striking firmly on the bottom of hole, will have their force parth' 
cushioned by the cuttings. By keeping the tools at the proper speed, tlie 
chips which are cut from the rock, are kept afloat and thus the cutting edge 
of bit .strikes the rock with full force. 

Owing to the fact that there is quite an amount of stretch, in a manila 
cable, it will be found, if the tools are stopped after having been run at 
proi:)er speed and with proper tension in cable, that the tools do not touch 
bottom of hole. This shows that the blow which is struck at each stroke, 
comes from the weight of tools stretching the rope, this being called by 
drillers, "drilling on the .spring of the cable," and is the only correct way 
to drill in rock. 

The amount of water in the hole also has an important bearing on the 
rate of drilling speed. If there is a large amount of water covering 
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the tools, it has a tendency to buoy them up, and thus the blow is 
not only deadened but the tools can not be run as many strokes per 
minute. 

Another trouble caused by a large amount of water is, that the sludge 
is made so thin that the cuttings settle ver>' quicklj' to the bottom, and thus 
the tools do not fall with full force on bottom of bole. 

If possible just enough water should be used to come even with the top 
of stem when tools are in the hole. This will allow sufficient water to mix 
with 3 to 4 feet of cuttings and will keep the sludge thick enough to lift the 
cuttings off the bottom. 

In bailing out after a run, 1 to 1 ^ feet of the sludge should be left in 
hole, and then enough water poured in to bring the water to top of stem. 

As the tools, when lowered into the hole, displace an amount of water 
equal to their volume, it will be necessary to experiment to determine the 
amount of water necessary to add in order to bring the water to proper 
level. Thus if a certain size of tools is used in a 5 inch hole, it will take a 
certain amount of water to bring the water to top of stem, while in a 6 inch 
hole, the amount will be greater for the same size of tools. 

Some drillers, in order to deaden the sound of the jars, completely cover 
the tools with water, but it has been the writer's experience that every extra 
foot of water added to the hole decreases the drilling rate, and as a driller 
is usually paid for the number of feet drilled, it will be found to his interest 
to use less water and make more noise, — and money. 

When drilling in some holes it will be found that the rock "bleeds" a 
small amount of water, and if this amount is not great the driller can take 
advantage of it by not pouring any water in the hole, and letting the hole 
furnish the water needed. If the "bleed" is to be relied upon for water, 
the sludge should be bailed out until only about 1 foot remains in the hole, 
this furnishing enough water for starting the tools, and as the hole deepens, 
the small amount of water coming into the hole will take care of the extra 
cuttings. 

The sludge in hole should be kept about the thickness of a medium stiff 
batter, and it is for this reason that a foot or more of the old sludge should 
be left in the hole after bailing out, so that the sludge will be thick to start 
with. 

When a hole is several hundred feet deep and the amount of water 
made by the hole is so great that it covers the tools by 200 feet or more, a 
sinker bar is sometimes used above the jars. The sinker bar is nothing 
more than a short stem, and is placed between the rope socket and jars to 
add more weight on bottom of rope, thus .sinking it more swiftly through 
the water. As the bar is placed on the top of jars, it adds no extra force to 
the drilling blow, only in as much as it pulls the cable down more rapidly, 
thus giving a quicker drop to the tools. 
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The different kinds of rock encountered in drill work can be covered by 
the following classification : 

Shales. Slates. Sandstones. Limestones. Granites. 

While the w-riter does not mean to say that the five kinds of rock for- 
mations named above will be the only kinds met, he does mean to say that 
all the drilling characteristics of any rock formation will be found very sim- 
ilar to one of the above classes. If, therefore, a driller is acquainted with 
the peculiarities of the above classes, and understands handling the same, he 
may feel confident that he is prepared to meet all kinds of rock drilling. It 
would not be possible, in a book of this size, to describe each individual class 
of rock formation, and as the above named formations are generally known, 
they wnll be used as a general classification to cover all rock drilling. 

Shales — While a shale can hardly be classified as a rock, still, owdng to 
the fact that the walls of a hole through shale are usually sufficiently firm 
to stand without casing, it may be classified, at least by drillers, as a rock, 
or rock formation. As shale is formed from mud, it is found in all degrees 
of hardness from that of mud itself, up into the slates into which it passes. 

Shale, as a rule furnishes the easiest drilling which can be found. Be- 
ing soft and not very firmly consolidated it chips up into large cuttings of 
light weight which are easily held in suspension, thus permitting of very 
rapid drilling. 

Owing to the fact that shale cuttings soon form a very thick sludge at 
bottom of hole, and also owing to the fact that shale cuts rapidly, it is nec- 
essary to pay particular attention to see that the tools are turning, or other- 
wise, a flat hole may be drilled. 

In passing from a soft shale into a hard stratum, it is necessary to ex- 
ercise care to see that the tools do not drift off to one side, as a soft shale 
does not offer much support to the tools. Also it is necessary to watch to 
see that no hard nodles or kernels, which might extend into side of hole, 
throw the tools to one side thus causing a drifting hole. A good stiff ten- 
sion should be kept on the cable at all times, and at the first sign or indica- 
tion that the hole is drifting it should be made straight. Not only .should 
the cable be kept tight to prevent the tools from drifting, but as shale for- 
mations usually contain many thin, soft, clayey bands, it is essential that 
the cable tension be kept pretty stiff, in order to prevent the tools from 
sticking when breaking through. 

In some parts of the country, where the geological formations are com- 
paratively new, the shales do not seem to have had time to become very 
solid, and thus caving trouble is experienced. Where there are no hard 
bands in this soft shale, it can be drilled the same as the soil above, by pro- 
tecting the lower end of drive pipe with drive shoe, and driving it through 
the shale. If hard bands are present, it will be necessary to use an under 
reaming tool or else start hole large enough so that it can be recased. 
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Slates — Slates, so the geologists tell us, are formed from the shales, by 
pressure and heat. They are usually much harder than shales, and will al- 
ways be found with a well defined cleavage. As a rule the cleavage plates 
are not of great thickness and are very brittle, fracturing at a blow. 

Owing to the brittleness of slate, and to the thinness of the strata, there 
is a constant tendency for the tools to stick, as the edge of bit breaks 
through the thin layers. This is one of the most pronounced drilling char- 
acteristics of slate, and this sticking of tools can be avoided onl}^ by keeping 
a stiff tension on cable, and having the bit properly dressed. We have al- 
ready discussed the importance of keeping the proper tension on the cable, 
and the correct dressing of tools will be taken up in a later chapter. 

Slates will be found with their strata lying at all angles from, the hori- 
zontal to the vertical. When the drilling is through vertical, or highly 
slanting strata, the tools have a tendency to follow the inclination of the 
strata, and, unless attention be paid, a slanting or crooked hole will result. 

If the strata are of equal hardness and lie snug against each other they 
are not nearly so apt to cause trouble as when they are of unequal hardness 
or have open spaces between them. The reason for this is that the bit will 
cut the soft strata more easily than the hard ones, and thus the tools will be 
deflected towards the softer side. 

Slates often contain masses of amorphous iron pyrites ranging in size 
from pieces the size of a walnut up to pieces the size of a man's head. 
These masses which are called Sulphur Balls, by the drillers, are extremely 
hard, and if they occur in the side of the hole and are firmly imbedded in 
the slate, may cause the tools to be deflected from a straight line. Even 
though the sulphur balls break loose from the slate and fall to the bottom 
of the hole, they may still cause trouble as they are very hard to crush, and 
if they happen to wedge on one side of the hole, are sure to force the tools 
to one side. 

Sulphur Balls are also hard on the bit. Being very much harder than 
the bit, they will soon break down the corners and batter the cutting edge. 
A bit which has been run for some time on a sulphur ball will be grooved 
and cut from the cutting edge upward very much as though it had been 
working on tempered steel. So pronounced is this similarity that drillers 
unfamiliar with the hardness of Iron Pyrites and drilling on it for the first 
time, often believe that someone has been placing tempered steel in the hole. 

The hardness of slate varies from slates no harder than soft shales to 
slate possessing a hardness equal almost to that of granite. Often slate will 
be found with quartz bands lying between the various strata. Slates are 
also sometimes found with various minerals lying between the different lay- 
ers, the minerals having been deposited by infiltrating waters. As a rule, 
state will be found to be an easy drilling rock, as it usually cuts rapidly, 
and offers no obstacles which can not be easily overcome, if attention and 
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care are given to the work. Of course when slate contains a large amount 
of mineral matter, or is full of quartz, the drilling becomes slower and an 
extra amount of attention must be given to see that the hole is kept in good 
shape. 

Often times slate is mistaken by inexperienced drillers for coal, and 
many coal discovery excitements have originated from enthusiastic drillers 
w^ho have penetrated a few feet of slate. Sometimes the slate is of a bitu- 
minous nature and then there is a certain similarity betw^een the two so that 
there is some excuse for an inexperienced man being mistaken. 

As this is a book on well drilling and not mineral prospecting, we will 
not go further into this subject, but we would suggest that before starting 
an excitement by declaring you have struck coal, you have the cuttings ex- 
amined and reported on by a person competent to decide. 

Sandstone— Sandstone is formed from sand formations by the grains 
becoming cemented together by infiltrating waters, which carry the cement- 
ing material in solution. The cementing material is usually either iron ox- 
ide, calcium carbonate or silica. 

The amount and kind of material deposited determines the hardness of 
the rock, and thus sandstone is found in all degrees of hardness from the 
rock which can be crushed between the fingers, to the quartzites, which al- 
most equal pure quartz in hardness. While geologists do not list quart zite 
as a sandstone, yet, as it is made up from sandstone, we will, in the broad 
classification which we have adopted, classify it as such. 

The most pronounced drilling characteristic of sandstone is the rapidity 
with which it wears the bit out of gauge. Even the softest sandstone wnll 
wear a bit rapidly. This is due to two causes. The first cause, is the rub- 
bing of the bit against the side of the hole, an action very similar to whet- 
ting a tool on a whetstone, and one for which there is no remedy except to 
temper the bit very hard. 

The second cause is the presence of the sharp grains of sand in the bot- 
tom of the hole. In a sandstone, as a rule, there will be found no material 
which will serve to make a thick sludge, in the sense of shale sludge, and 
thus the grains of sand instead of being held in suspension in the water, set- 
tle to the bottom of the hole, making it necessary for the cutting edge of 
the bit to be driven through these sharp grains at each stroke. It will be 
noticed that a bit which has been properly tempered, when run in medium 
hard rock will be sharper on the cutting edge, after running, than before 
put in the hole, and this is due to the action of the loose sand. 

There is but one way to prevent the wearing action of this loose sand 
and that is to hold the sand in suspension. This can be done, to a certain 
extent, by dumping clay into the hole as described on page 44. 

Owing to the trouble experienced in keeping the sand off the bottom, 
it is best to bail out after each three or four feet drilled, as otherwise the 
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amount of loose sand becomes excessive. This is especially true if the rock 
is soft or of medium hardness, as the rock drills so rapidly that the sand 
grains are simply broken loose from the cementing material without being 
crushed. In the hard sand rocks or quartzites the grains are so firmly ce- 
mented that they are pulverized as they are broken loose and thus, being 
ground up fine, are not so troublesome to hold in suspension in the water 

If much sand rock drilling is to be done, it is best to use the vacuum 
type of sand pump, described on page 17, as with this pump the hole can be 
quickly cleaned after each run. 

The reason for using the vacuum pump is that the sand cuttings settle 
very rapidly and pack very firmly and are not easily removed by the ordi- 
nary bailers. 

If an ordinar>' bailer of the flat valve or dart valve type be used, it 
should be pumped up and down on the bottom of the hole, so as to loosen up 
the sand and cause it to enter the bailer. There is quite a knack about 
"pumping" a bailer, as it must be so handled that the valve acts as does the 
valve in a pump, thus drawing the cuttings into the bailer. If the hole is 
not over 300 feet deep, and the bailer is not over 3 ^^ inches in diameter, it 
can be pumped by hand. By grasping the bailer line, lift the bailer from 8 
inches to 1 foot off the bottom of hole, then slack down on line until bailer 
valve touches bottom and opens, and then with a quick upward jerk lift 
bailer 8 inches to 1 foot again. Repeat these operations eight or ten times, 
when the valve will have drawn sand enough into bailer to clog valve. You 
will note that at each upward jerk the valve closes with a bang, and you 
will soon learn to tell from the sound of the valve how the bailer is working. 

The above instructions are for operating a bailer with a dart valve. 
When the bailer is fitted with flat valve, the operation is the same, except 
that on the downward movement, the bailer must be allowed to strike bot- 
tom of hole, before the upward jerk is given. 

If the bailer is too large to operate by hand it can be operated by the 
engine. If the engine is used care must be exercised to .see that too strong 
a jerk is not given, as otherwdse the line may be parted. 

Another type of rock which geologists call conglomerate, but w^hich, 
owing to the fact that the particles are cemented together, we w-ill list under 
the head of sand.stone, is composed of large rocks, small pebbles, and sand 
cemented together. 

Where the cementing material is of a silicious nature, and the rocks and 
pebbles composing the mass are formed from granite or gneiss, or as they 
are usually called "Nigger heads," a conglomerate makes extremely slow 
drilling, but if the cementing material has been thoroughly distributed and 
has filled all spaces, while the drilling rate maj' be very slow and may re- 
quire several bit dressings to each foot drilled, nevertheless there is no more 
trouble to be expected than in other hard rock. 
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If the cementing material does not bind the rocks and pebbles together 
firmly enough so that they can be crushed by the bit without being bro- 
ken loose from the matrix in which they are held, then more care must 
be exercised to see that the tools are not deflected out of line bv the loose 
rocks which are drawn into the hole and off of which the tools may glance. 
The usual, and always important stiff tension should be kept on the cable 
and the bit should be dressed very flat. As the bit dressing will be taken 
up separately we will leave this discussion for the bit dressing chapter. 

Limestone — Owing to the fact that all limestones were originally 
formed under water, they will almost invariably be found in a stratified 
condition. 

In some parts of the country the limestones, due to changes which oc- 
curred after they had been laid down, have become cemented together so 
that they present the appearance of a solid unbroken mass. 

Limestones will be found with the strata lying from horizontal to ver- 
tical, and thus what has been said about drilling through slanting strata 
under slates, applies also to limestones, it only being necessary to bear in 
mind the difference in structure between the two classes of rock formations. 

Owing to the fact that limestone is readily soluble in water which car- 
ries carbonic acid gas in solution, caves and water channels of considerable 
extent will sometimes be encountered in that portion of the formation which 
lies above permanent water level. 

The enonnous caves of Kentucky and Indiana are in limestone forma- 
tions and are the result of the solvent action of w^ater. 

Limestones will be found in all degrees of hardness from the porous, spon- 
gy, dolomitic variety which can be crushed in the hand, to the close grained 
silicons variety, which is almost as hard as flint. 

In fact, the waters which circulate through the cracks and pores in 
limestone often deposit such large amounts of silica that the limestone is 
entirely replaced by the silicious matter, and where this occurs, the depos- 
ited mass, which is usually called chert, makes extremely slow drilling, be- 
ing as hard and tough as the hardest granite. 

While limestone may be extremely difficult to drill, owing to the hard- 
ness it may attain, yet as the grains of which it is composed are not abrasive 
like sand grains, it does not rapidly wear the bit out of gauge and thus the 
only problem in the bit dressing is to so shape and temper the bit that it 
will neither dull nor crumble. 

As the different strata were originally laid down under widely varying 
conditions, it is natural that we should find the several strata which go to 
make up any limestone member, vary greatly in thickness, hardness, etc. 
Thus strata 2 or 3 inches in thickness mav alternate with strata several feet 
in thickness. 
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In breaking through from one stratum to another, the drill bit will 
sometimes stick, owing to the fact that a soft gouge, from the fraction of an 
inch to several inches in thickness, may separate the strata and thus allow 
the edge of bit to slightly bury itself. 

If drilling is being done through strata which vary in hardness, that is 
when the drilling is first in a hard stratum and then in a soft one, it is nec- 
essary to exercise care to see that in breaking through from the hard to the 
s^)ft stratum, the hole is kept round, as it sometimes happens that the drill 
bit will drive down into a very soft material and drill ahead without turning. 
This will not only result in a flat hole but it may cause a crooked hole. 

To be sure the tools are turning, put a stiff tension on cable and twist 
it several times in one direction and test the action of tools as described on 
page 25. 

The instructions given above apply to drilling where the strata lies hor- 
izontal or nearly so. 

For drilling where the strata lie at a high angle the same precautions 
advocated under .slate drilling should be observed. 

When open spaces of considerable extent are encountered in the path 
of the drill, the hole can be continued on down by letting sufficient slack in 
cable to allow tools to just touch the lower bottom and then run them at 
slow speed until a depth greater than the length of the stroke has been 
reached, when the tools can be again run at full speed. 

If the height of the open space is greater than the full length of the 
tools, then more care must be exercised to see that the tools make a start 
in a line with the hole above. 

Owing to the fact that the tools, when working in such a large open 
space have no confining wall to hold them in line, they will oscillate vio- 
lently, and it will be necessary to .stop the tools every few minutes to allow 
them to straighten up. It will greatly assi.st matters to shorten the stroke 
of drill, as much as ix)ssible, and run the machine at this stroke until the 
tools have penetrated to a depth of about three feet. Do not speed up the 
machine until the hole has reached a depth of at least one- half the length of 
the tools, as otherwise the oscillation of top of tools may become .so violent 
as to snap the pin on bit. 

It sometimes happens, owing to a slanting bottom, that it is impossible 
to make the drill bit take hold. When this occurs, the bottom can some- 
times be straightened up by firing heavy charges of dynamite against it. 
If the rock is of medium or above medium hardness, 8 to 10 pounds of 60 to 
80 per cent, dynamite should be used. A high per cent dynamite is recom- 
mended for this work, owing to the fact that no tamping can be placed 
above the dynamite to confine its force. The dynamite should be lowered 
until it just rests against the bottom, and then fired. If the first charge 
fired does not seem to do any good, try firing one or two more charges, and 
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Double Winged 
Reamer with stem. 



then if the drill does not take hold, it will be necessary to 
case the hole. 

In putting in the casing, it should be set clear to bot- 
tom of hole, so that it will serve to guide the tools and pre- 
vent the bit from glancing. 

After the pipe has been set, the tools should be started 
by using very light blows, so that the glancing effect of the 
tools on the slanting surface is reduced to the minimum. 
In fact, the stroke of the tools should be so adjusted that 
the tools just touch, until a square shoulder has been cut 
dow^n. 

It will of course be readily apparent that after the hole 
has been cased, it w411 be necessary to use smaller tools for 
continuing the hole, unless, after the hole has been drilled 
down 6 or 8 feet, the casing be removed and a double 
w^inged reamer with guide stem be used for enlarging the 
hole to the size of hole originally drilled. 

The action of the side wing reamer will be readily un- 
derstood by referring to the cut. The guide stem extend- 
ing below the wings guides the reamer in the hole, and the 
two wings, cut down the sides of the hole to the required 
size. After the hole has been reamed down 3 or 4 feet, or at least deep 
enough to allow a stroke to the tools without the tools coming out of the 
hole, the regular bit can be put on and the hole continued on down. 

Granite — Nearly all granite is of igneous origin, and unless disinte- 
grated or decomposed is usually of great hardness. Not only is the rock 
extremely hard but it is also very tough and thus offers great resistance to 
any kind of cutting tool. 

As -about all granite was originally in a molten mass, it is never found 
in a stratified condition in the same sense that limestone and shale are strat- 
ified. Sometimes, due to strains which have occurred after the mass has 
been deposited, granite is given a stratified structure, but when this occurs 
there is generally a rearrangement of the different constituents of the gran- 
ite and the resulting formations are called gneiss and schist. 

The gneiss is very similar to granite, the stratification planes being 
shown only by the arrangement of the mineral particles in bands and not 
by any pronounced cleavage planes. On the other hand the schist has well 
defined planes of cleavage and thus its drilling characteristics are very sim- 
ilar to slate, it, however, unless weathered, being usually much harder. 

As we have stated, granite is very hard and very tough and this is 
probably its most distinctive characteristic. The feature, however, which 
generally causes the most trouble to a driller is the presence of what geolo- 
gists term joints or joint planes, but which are usually called cracks by 
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drillers. These cracks occur all through the granite and intersect each 
other at all possible angles, and thus blocks of granite from the smallest 
fragment up to pieces of enormous size are bounded by joints or cracks, 
which may range in width from a hair's breadth on up. As a usual thing 
the cracks are not of great width, most of them being below 2 or 3 inches. 

Granite, owing to its extreme hardness and toughness, w^ould make ex- 
tremely slow drilling even though the formations were solid, but where 
joints or cracks standing at a high angle occur in the path of the drill, the 
drilling problem resolves itself not only into a question of slow drilling, but 
into one of difficult drilling. The horizontal or nearly horizontal cracks 
hardly ever offer trouble, but extreme care must be exerci.sed in drilling 
across highly slanting cracks, not only to prevent the hole from going 
crooked but also to prevent the joints on the tools from being broken. 

For drilling in granite the joints on the tools should be the very largest 
it is possible to use, in a hole of the size being drilled. It is very rarely that 
a hole can be put down in granite without striking at least one bad crevice, 

and if the tools are provided with small joints the weight of 
the stem forcing the bit against a slanting wall is very liable to 
cause trouble. 

If the cracks are not over an inch in width and if both 
walls of the crack are of equal hardness and if the proper kind 
of bit is used, then there .should not be much trouble experi- 
enced, if a stiff tension is kept on the cable and the bit has 
been properly dressed. 

A thin bit should never be u.sed for granite drilling. The 
bit employed should be as thick as it is possible to use in the 
hole and should maintain this thickness from the top of wear- 
ing surface to within a few inches of collar. This style of bit 
is called a Mother Hubbard Bit, and owing to the fact that it 
completely fills the hole, it will prevent the tools from drift- 
ing, thus keeping the hole straight It will also prevent the 
tools from sticking as the bit is about as thick as it is broad 
and thus it cannot swing sideways and fasten itself in the crack. 
Another style of bit which has proven very satisfactory 
for hard drilling and creviced rock is the Star Bit. The four 
wings of this bit tend to keep the tools in line with the hole 
and thus prevent drifting. The disadvantages of the Star Bit 
H are that it is harder to dress than an ordinary bit and the cor- 

filr^B ners being thinner it requires more frequent dressing when 

" used in a hard, sharp rock like granite, 

.star Bit. When slanting strata occur, of such nature that they 

throw the tools out of line, and the hole goes crooked, it is necessary to re- 
sort to special means in order to straighten up the hole. Various devices 
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are used for this purpose, such as reamers, hole straighteners, and similar 
appliances which will be described further along, but for a stubbornly 
crooked hole in hard granite it has been the writer's experience that only 
two remedies are at hand. 

The first which should be tried is to fill the hole up past the crack with 
broken grate bars, pieces of files, pieces of plow shares, in fact any kind of 
steel or iron scrap which can be found, so long as the pieces are of a size 
not larger than 2 in. x 3 in. x 1 }^ in. thick. 

The cast iron pieces can be larger, but it is best not to get the pieces of 
steel of greater size. 

The bit should be dressed so that it is very blunt, but having a full 
wearing surface. The iron and steel will not only keep the bit working at 
one point a long time, thus giving it a chance to take hold of the rock, but 
the action of the bit will force the steel and iron out against the sides of the 
hole with such force that it will chip away the rock thus assisting the bit in 
"eating out" the crook. 

If, after once drilling out the iron, it is found that the hole is still 
crooked try the same thing over two or three times more as a hard rock re- 
quires a great deal of pounding to remove a crook; However, if you find 
after three or four trials that j'ou are doing no good, then it will be neces- 
sary to shoot the hole. In shooting a hard granite a high per cent dyna- 
mite should be used. If the crook is a bad one, it will be necessary to use 
from 25 to 50 pounds of dynamite to cause any effect, but it is always best 
to use the least amount possible to get results, as an excess of dynamite 
shatters the rock very badly, and while this will in all probabilities not af- 
fect the future usefulness of the well, the presence of the shattered frag- 
ments in the hole will be a constant menace to the tools, should the hole be 
continued on down. 

You will note that the writer has recommended a high per cent dyna- 
mite and if this kind of dynamite is used it must be handled with extra care 
as it is much more easily exploded than the lower per cent explosive. 

It will be noted that in drilling in some granite the bit wnll be worn as 
rapidly as though sandstone were being drilled. This is caused by drilling 
a granite in which the quartz is of a crystalline nature. As a rule the 
quartz or silica is more amorphous, thus being tougher and while the bit 
does not show the excessive wear in this class of granite which it shows in 
the highly crystalline species, still the drilling speed is slow in the close 
grained, tough variety, and instead of the bit wearing excessively it simply 
batters out of shape, due to the extreme hardness of the rock. 
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PART II. 

Bit Dressing. 

THERE is a saying in the oil fields 
that "The driller makes the well, 
but the tool dresser makes the 
hole," the meaning of which is that the 
speed made in drilling depends entirely 
upon the correct dressing and tempering of 
the bits. While this statement is, of course, 
not wholly true there is yet enough of truth 
in it to make it well worth remembering. 
A dull bit or one improperly dressed or tempered is a mighty poor in- 
vestment for a drill contractor. If the bit is dull the driUing rate is greatly 
reduced and if the bit is improperly dressed or tempered it will not run but 
a short time before it will need redressing. As the only time your drill is 
making you money is when it is hitting on the bottom of the hole, it is 
necessary, if you want to make the most possible feet in the shortest space 
of time, to so regulate the work that the tools will be above ground a.s few 
times as possible. 

A great many men when starting in the drilling business, seem to think 
that if they understand the operation of the machine, it is not necessary to 
pay much attention to the rest of the work. This is a verj' much mistaken 
idea. All parts of the drilling outfit demand attention, but by far the most 
important single thing of the whole equipment is the drill bit. This is the 
business end of the outfit. To the bit belongs the duty of gnawing a hole 
through the gravels and hard pans, forcing its way through crevices and 
slanting strata, and finally breaking down the rocky barriers which confine 
the underground streams. Upon the bit falls the brunt of the battle, and 
the service which it will render you depends entirely upon the attention and 
skill which you bestow upon it. 

It often happens that after a man has dressed several bits he begins to 
think himself a bit dresser, and thus ceases to bestow on the work any more 
attention than is necessary to just dress and temper the bit at hand. If you 
find yourself beginning to think yon know so well how to dress bits that you 
can not improve, then you haven't even begun to learn the first principles, 
as a man who is really beginning to understand, .sees that there is a great 
deal more to dressing the bits than he can learn for a long time to come. 

There are so many things to know, so many little kinks and ways to 
learn, many of them insignificant, yet in the end ,so highly important, that 
no tool dresser, no matter what his experience, can lie justified in saying 
that he knows it all. 
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It is not the writer's desire to try to discourage you, but rather to make 
u realize the importance of the bit dressing end of the business, so that you 
do not neglect this part of the work through ignorance of its possibilities. 

It will not require much time for you to learn to dress a bit so that it 
can be used for drilling, but do not stop content with this accomplishment. 
Study all the phases of the work, watch the different effects of different 
heats, see the effect caused by different kinds of fuel, try different methods 
of tempering, using first one color and then another; try the different shapes 
of bits on the different kinds of rock, note how different methods of ham- 
mering affect the steel ; watch all the above points and the thousand and one 
other points which will arise, and you will find that you are not only engaged 
in a difficult work, but a very fascinating study. It will be impossible to tell 
in the space, which this book allows, many of the important characteristics 
of steel, and the writer would suggest that if you desire to inform yourself 
fully in regard to steel working, you purchase .some good book on the sub- 
ject which will not only give you the practical but the theoretical side. 

For convenience in treating the subject, and to prevent confusion, it 
will be considered under four heads, as follows : 

Making the Forge. Heating the Bit. 

Shaping the Bit. Tempering the Bit. 

Making the Forge — For heating bits of a size up to eight inches, a 
satisfactor>' forge can be made by simply digging a hole in the ground. For 
bits larger than eight inches, a forge with hood over top should be used. 

To make a forge in the ground, dig a circular hole from 6 to 10 inches 
in depth and from 10 to 12 inches in diameter. The depth depends upon the 
character of the fuel to be used. 

If a good grade of coking or blacksmi thing coal can be had the hole 
need not be over 6 inches deep, but if coke or a coal of non-coking variety is 
used then it will be necessary to make the hole deeper. 

The reason for making the shallow hole is that the coking coal runs to- 
gether when heated, and thus if a very great thickness is placed above the 
tuyere iron the blast will be imable to get through and the top of the fire 
will be dead. On the other hand if coke or a non-coking coal is used, it 
will be necessary to make a deeper forge owing to the fact that these two 
kinds of fuel do not change their form until entirely consumed, and as they 
offer but slight resistance to the passage of the blast, it is necessary to have 
a deep bed of coals in order to keep the blast from blowing directly upon the 
bit. 

With each Cyclone machine there is always included a blower, either 
belt driven or steam, for heating bits. The belted blowers are placed on all 
portable machines whether operated by steam or gasoline power, while the 
steam blowers are placed only on steam traction and the double walking 
beam types of drills. 
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In digging a hole for the forge. 
it should be so located that the 10 
foot piece of linen air hose, in- 
cluded with the outfit, will just 
reach from the spout on blower to 
the end of tuyere iron. The hose 
is connected to the steam blower 
by slipping it over the piece of pipe 
which screws into the reducer on 
blower, but on the belted blowers 
the hose is slipped onto a tin elbow. 
The ends of hose should be secure- 
ly fastened to the blower and 
tuyere iron by tying the respective 
sitam Blower. ends with twine. 

In connecting the hose from the blower to tuyere iron it should be 

stretched ,so that no kinks occur as these will reduce the force of the blast. 
The tuyere iron should be so placed 

that it comes at the very bottom of hole and 

should be so arranged that the blast does 

not concentrate at one point but diffuses 

it.self as much as possible through all parts 

of the fire. Digging the hole something in 

the shape of a funnel, only more rounding 

at the bottom, \vil] greatly assist in giving 

all parts of the fire an equal blast. Of 

course when the hole is deep and coke is 

used, this is not such an important point, 

as in the deep forge the air will have time 

to diffuse before reaching the center of fire, "** nm-cn Bower. 

but as the even and equal heating of a bit depends greatly upon a dif- 
fused blast, no precautions should be omitted which will assist in obtaining 

this end. 

To prevent the tuyere iron from becoming burned, all of it, excepting 

the air outlet, should be covered with dirt. 

It sometimes happens that the forge has to be built on the bare rock, 

and when such is the case, it can be constructed by piling up rocks in the 

form of a circle, to a height of 5 or 6 inches and then plastering up the 

cracks between them with mud. 

If you ever find it necessary to build such a forge do not use rocks 

which have lain in the water, or rocks which seein to be moist, as such 

rocks are liable to contain enough water to cause them to explode, when 

heated. 
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When bits 8 inches or above in size are to be dressed, coke should be 
used as fuel, and a deep forge, provided with a hood, should be employed. 
It is necessary to have the hood for the reason that the large bits can not be 
heated evenly unless some means is provided for keeping the coals both 
above and around the bit at the same temperature as the coals below. 

While it is possible to use a forge built in the ground for heating large 
bits, yet, inasmuch as the heating of a big piece of steel is rather particular 
work, it is better to build a box forge with a permanent hood of fire brick, 
as this will prove far more satisfactory, especially if the hole to be drilled 
will require the dressing of many bits. 

To construct a box forge, make a box 3 ft. x 3 ft. and 1/4 ft. deep. 
In the center of one side of the box and 12 inches from the top, bore a hole 
2i4 inches in diameter. Through this hole insert a 2 in. pipe, running the 
pipe into the box until the end comes in the center of box. Now fill the 
box with clay, or dirt as near like clay as you can get it, until the box is 
filled up even with bottom of pipe. From this point continue with the fill- 
ing, but leave a funnel-shaped opening from the end of pipe on up to top 
of box. The bottom of opening should be about 6 inches in diameter, and 
should taper outward to the top where it should be about 12 inches across. 
Pack the clay walls around this funnel-shaped opening so that the walls are 
smooth, and place enough of the clay on bottom to completely cover the 
pipe just leaving a space for the blast. 



You will now have the box filled up level with the top, with a funnel- 
shaped opening 12 inches in diameter in the center, this opening extending 
downward 12 inches, where it has a diameter of 6 inches, at which point it 
connects with the 2 inch pipe, which is to be used for tuyere iron. 
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Next lay a wall of fire brick 10 inches high on two sides of the open- 
ing, leaving the other two sides open. After the walls are built, construct 
a hood by securing some iron bars and bending them in an arch, over the 
brick walls and then cover them on the inside with fire brick. The hood 
should be high enough to clear the top of box by about 12 to 14 inches, and 
should be long enough to extend out past the hole in box about 4 inches on 
each end. The front of hood must of necessity be left open so that the bits 
can be placed in the fire, but the back end should be bricked up to within 3 
or 4 inches of top, just leaving a space large enough for draft. A sheet 
iron shield is often used to cover front of hood after the bit is in place, and 
this assists in holding the heat on the bit, especially if the forge is in the 
open, and the wind is blowing into the hood. 

After the box forge has been fired up two or three times, the clay walls 
become vitreous and thus stand firm as long as needed. 

Heating the Bit — As it is necessary to know something about the 
composition of steel in order to understand why certain things should and 
should not be done, when steel is heated, we are including the following 
small amount of * 'Theory : * ' 

In the manufacture of steel, the first step, after mining the ore, is the 
converting of the ore into pig iron. As the ore itself contains many im- 
purities and as the molten iron picks up other impurities in the blast fur- 
nace, it is natural that pig iron should be very impure. As a rule pig iron 
contains from 90 to 95 per cent iron and from 5 to 10 per cent impurities ; 
the impurities usually being carbon, silica, phosphorus and sulphur. 

To transform this impure iron into steel it is necessary to burn out the 
impurities and for this purpose two kinds of appliances are in use ; one 
known as the Bessemer converter, and the other the open-hearth furnace. 

The product which comes from either the converter or the open-hearth 
furnace is very pure, ordinarily containing not over a few tenths of one per 
cent of impurities, the greater part of the impurities consisting of carbon, 
which is not injurious to the steel. In fact, it is very necessary that car- 
bon be present if the steel is to be used for tool making purposes. 

The presence of sulphur and phosphorus are, however, very injurious, 
the sulphur making the steel brittle when hot, and the phosphorus making 
it brittle when cold. You have probably heard the blacksmith say that this 
or that piece of steel is "hot short" or "cold short," which means that the 
steel has too much sulphur or too much phosphorus. 

As different amounts of carbon in steel greatly affect its properties, and 
as steel makers have determined by careful experimenting what amounts of 
carbon should be used for producing different kinds of steel, it is the usual 
practice in making steel to first eliminate all the impurities, including even 
the carbon, and then while the steel is in a molten condition a pre-deter- 
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mined amount of carbon is added so that the per cent of carbon which the 
steel contains is absolutely fixed. 

Steel which contains from /4 of 1 per cent X,o 1% per cent of carbon, 
has the property of "taking a temper" or of being hardened and is known 
as tool steel. 

While as a rule, a drill bit is made of two kinds of steel, one the soft 
steel used in the shank, and the other the tool steel used in the cutting end, 
we are in this chapter interested only in the cutting end of bit, and thus in 
speaking of steel, it will be understood that tool steel is referred to. 

The first step in heating a bit, after building the forge, is to get the 
fire in shape. A bit should never be put into a * *green fire' ' as not only will 
the steel be heated unequally, but the sulphur and other impurities which 
are driven off the fresh fuel will affect the steel. 

To start the fire take some shavings or other inflammable material, and 
place it in bottom of forge, and after this has a good start place some kin- 
dling on top and turn on blast. To start with, the blast should be very 
light and this can be regulated to a nicety by placing a wrench or other ar- 
ticle on the bl6wer hose, and so regulating its position that just the re- 
quired amount of air is allowed to pass. After the kindling has caught 
nicely, place a thin layer of fuel on it, and as the fuel begins to take fire, 
place on more of it, until the forge is completely filled. 

If coking or blacksmithing coal is used, the forge will, of course, be 
shallow, and the coal should be heaped up several inches above the level. 
As coking coal *Vuns together" and is as a rule very fine, it will have a 
tendency to prevent the blast from passing, and thus it will be necessary, 
from time to time, to open up through the coal, passages for the blast. 
This is done by inserting the poker at different points and gently prying up 
the coal. 

In inserting the poker, you will notice that the coal has coked into a 
solid mass, and you should so insert the poker that only the central part of 
the fire is disturbed, thus leaving a solid wall of heated coke surrounding 
the loosened up center. This center should be about 10 inches in diame- 
ter, and after all the coal which it contains has become coked, the fire is 
ready for the bit. 

As, in starting the fire, the coal w^as piled up several inches above the 
ground, the coke will, therefore, be higher than the level of the forge, and 
one side of the wall should be cut down, so that it comes even with the 
level. If the center between the walls is 10 inches in diameter, the space 
cut in the wall should be about 8 inches across. Next rake all the coked 
coal out of center, down to the level of top of forge, and if the fire has been 
properly made and the poker judiciously used you will have a bed of hot 
coals about 6 inches deep and 10 inches in diameter covering the tuyere 
iron and above these coals and completely surrounding them, except where 
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the open space has been cut out, will be a wall of hot coke atrout 4 inches 
high. 

Now place the bit in the fire, first cleaning it off carefully so that no 
mud or cuttings adhere to the steel. The reason for cleaning bit is, that 
the cuttings may contain a large amount of iron pyrites and if this is al- 
lowed to remain on the bit, the action of the fire will liberate the sulphur 
which is in the pyrites and this will prove very harmful to the steel. 

In putting the bit in fire, it should be placed through the open space in 
the coke wall, and the cutting edge of bit should extend about 3 inches past 
center of fire. 

Care must be exercised in putting bit in fire, to see that it is not 
jammed through the wall, thus tearing up the fire, or pressed down against 
the coals with such force as to crush down the fire thus shutting off the 
blast. 

If a bit 5 inches or smaller is being dressed, it can be easily managed, 
but for larger bits, unless a crane is used, a bit can be best placed in the 
fire by handling it on a roller. The roller used should be about 3 inches in 
diameter and about two feet long. While a roller made of wood is best, 
still one made from 3 inch pipe answers the purpose nicely. 



To use the roller, place it about 2 feet from the fire and then lay the 
bit in the center of the roller, pointing the cutting edge toward the fire, 
and leaving the longer part of bit extend outward from the roller. Now by 
taking hold of pin, the bit can be rolled into the fire with ease and can be 
placed just as wanted. The roller should of course be placed so that the 
bit enters the fire through opening in coke wall. 

If you are dressing bits in the winter time and the bit is very cold it 
should not be covered as soon as put in the lire, but should remain on top 
of the hot coals for five or six minutes and should be turned three or four 



ORRVILLE, OHIO, U. S. A. 71 

times in order to slightly warm the steel before subjecting it to the full heat 
of the forge. After the chill has left the steel cover it with the coked coal 
which you previously scraped out of center of fire. If instructions have 
been carefully followed you will have more than enough of the coke for this 
purpose and this excess coke can be piled at one side for future use. After 
the bit has been covered, sprinkle a small amount of fresh fine coal around 
the edge of the coke just put on. By sprinkling on a small amount of the 
green coal from time to time the supply of coke can be kept even with the 
amount consumed. 

After the bit has been heating for about ten minutes turn it over so that 
the other side comes next the fire. Leave it on this side until it comes to a 
dull red, then turn it back again, and leave it until the proper heat for 
dressing is reached. The reason for turning the bit is so that it will be 
heated evenly and uniformly, and if the fire has been properly built and 
tended, it will not be necessary to turn the bit oftener than advised above. 
However, it is very essential to have the bit evenly heated, and if you find 
it necessary to turn it several times to accomplish this result, do so, but it 
is best to turn the bit as few times as possible, in order not to disturb the 
fire. 

It will be noted that the flame and smoke have a tendency to shoot back 
underneath the bit, and as this is caused by the open space afforded by the 
water channel, it can be remedied by placing some ashes or loose dirt un- 
derneath the bit, just at edge of fire. 

Do not attempt to force the fire too strongly, as enough time must be 
given to allow the bit to heat evenly. On the other hand, do not give the 
bit more time than is necessary to bring it to a proper heat, and never allow 
the bit to "soak" in the fire after the proper heat has been reached. 

The writer has often seen drillers cut down the blast of forge and allow 
the bit to remain in the hot coals for several minutes, after bit is hot enough 
to dress, with the idea that by so doing the steel would be in better shape to 
dress, owing to the greater amount of heat absorbed. Such practice is not 
only a waste of time, but is harmful to the bit, as the hot coals seem to draw 
the carbon out of the outer edge of steel. 

The bit should be so placed in the fire that for 4 to 5 inches up from 
the cutting edge, it will be heated to the same temperature. Some bit 
dressers do not seem to think it necessary to heat the bit for more than a 
couple of inches on the end, but if this practice is followed, a cracked bit 
will invariably result as the steel will not be heated far enough back to allow 
the metal to "flow" under the heavy blows used in stoving back the edge. 
This point will be discussed under "Shaping Bit." 

Owing to the fact that the corners of a bit are much thinner than any 
other part, and will thus heat much more rapidly, they must be carefully 
watched, to see that they do not burn. If the fire has been properly made 
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so that it has an even temperature throughout, and if the bit has been prop- 
erly placed in the fire, there is not much danger of burned corners, but if 
the fire is "dirty" so that the heat is not uniform, the proper heating of bit 
becomes almost an impossibility. 

A "dirty" fire is generally the result of impurities in the fuel. If coal 
is the fuel, the impurities may clinker over the tuyere, or pieces of slaty 
coal may lie in the path of the blast. The action of the impurities is such 
that the blast is partially cut off, thus causing parts of the fire to be hot, 
while other parts are dead. 

A "dirty" fire can also be caused by an accumulation of ashes or 
burned out coke. 

If coke is the fuel used, the forge should be cleaned out perfectly clean 
after each heat ; if coal is used the forge should be cleaned perfectly clean 
within the space surrounded by the coke walls. 

You will note, when cleaning out the forge in which coal is used, that 
there is quite an amount of small pieces of very hard coke. This coke 
should not be used over again, as it is more ash than coke and contains such 
a large amount of impurities as to be very injurious to the steel. 

It must be your constant endeavor to keep the steel in the bits in the 
same condition in which it came from the factory, and to do this, it is ab- 
solutely necessary that no injurious foreign substances be allowed to come in 
contact with the steel while it is hot. Coal which contains sulphur is very 
harmful, but coal which contains phosphorus in any amount will com- 
pletely ruin that part of bit which has been heated in its presence. 

Another cause of spoiled bits, and perhaps the most prolific cause of all, 
is over-heating. It is possible to heat iron until the "sparks fly" without 
any injurious effects, but owing to the fact that bit steel contains carbon in 
comparatively large amounts, the heat which would be proper for iron would 
completely spoil steel, as at this high temperature the carbon would be burned 
out, and the steel made porous and brittle. 

On the first few bits which you dress and until you have confidence in 
your judgment, it w^ould be well to pay extremely close attention to the 
heating. If by any chance a bit should be burned, it is best to cut away 
the burned portion, as it is impossible to work burned steel and also impos- 
sible to temper it. 

On page 73 is shown a cut of a badly burned bit. The photograph 
from which the cut was made, was taken as soon as the bit cooled down, 
and shows the steel "blisters" resulting from excessive heat. If these blis- 
ters be removed, by scraping, the steel will be found to be porous and 
spongy and full of small holes. 
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While the bit shown in cut has been so badly burned that the burn is 
easily detected, it sometimes happens that steel is burned so slightly that it 
is not noticed by the driller, and thus he goes on with the bit dressing 
wholly unconscious that he is working spoiled steel, and when after a run 
he pulls the tools out of the hole and sees the corners or edge of bit broken 
off, or ground away, his inclination is to say that the steel is no good. 

Do not hastily condemn the steel. In nine cases out of ten, you will 
find that it is you who are to blame and not the steel which is at fault. On 
account of the conditions under which a well driller ordinarily has to work, 
it is an easy matter to burn steel, and thus you must use an extra amount 
of care in watching the bits while they are being heated. 

If the direct rays of the sun fall upon the fire, you should have your 
helper so stand that he shades the fire when the bit is being examined, as a 
bit examined under the glare of sunlight never appears as hot as it really is. 
To satisfy yourself of the difference in appearance of heated steel when ex- 
amined in the sunlight, and in the shade, you should secure a good sized 
piece of steel, a piece of old railroad rail will do, and experiment by making 
several heats under varying conditions of light and shade. Compare the 
appearance of the steel at certain heats in the sunlight and at the same 
heats in the shade, and you will thus realize the difference and will feel 
more inclined to be careful. 

In selecting steel for bits, the manufacturer must steer a careful course 
between two extremes. If steel with a high carbon content is used, there 
will be great chances of having the bits spoiled by over-heating. If steel 
with a very low carbon content is used, it can be safely heated to a very 
high heat, but cannot be depended upon for taking a high temper. Besides 
the question of tempering, there is another point to be considered, and this 
is the dressing of the bits. If bits are made of extremely high carbon steel, 
they cannot be safely heated to a temperature that will admit of easy work- 
ing, unless the very greatest care is exercised, and inasmuch as there is not 
one driller in ten that will, at all times, give his bits this exact care, and on ac- 
count of the fact that a bit cannot be easily dressed, unless it is heated to a 
temperature at which steel will *'flow" under the hammer blows, it has been 
found best to use a steel which can safely be heated to an easy working tem- 
perature and yet contains carbon enough to cause it to take a good temper. 

As bits made by different manufacturers hardly ever contain exactly 
the same kind and grade of steel, it is a good policy to buy all of your drill- 
ing tools from the same concern, until you are convinced that you can get 
better elsewhere. By adopting this plan, you will become familiar with the 
correct method of working the steel which that particultar concern uses, 
and thus your results will be much more satisfactory than if you attempt to 
use several different makes of bits, which are almost sure to contain differ- 
ent kinds of steel. 
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A drill bit made of the proper kind of ateel will admit of heating to a 
light "cherry red" without harm, for dressing purpose, but for tempering, 
should be raised to a lower heat. 

In starting with a bit of certain make, you should begin by heating the 
bit slightly higher than a medium dark "cherry red." On the next heat 
run it a little higher, and at each bit dressing continue to increase the heat 
until you have found the point at which the steel seems to work easily and 
yet stands well after tempering. Never, however, raise the heat above a 
light "cherry red" unless you have proven by experience that your judg- 
ment on heat will not mislead you. 

Often the bits become dulled on the edge without wearing much out of 
gauge or without the corners being broken off, and where a bit in this con- 
dition is to be dressed, it should not be heated to more than a dark "cherry 
red" as no stoviiig is required, and the edge can be sharpened up and the 
corners filled out by light blows of an ordinary two pound machinists' ham- 
mer. These points will be discussed under "Shaping the Bit." 

Another factor to be considered in regard to raising steel to a high 
heat, is the nature of the fuel used. Fuel containing impurities wilt prove 
harmful to steel at all temperatures above a dark red, but as the tempera- 
ture of the steel increases, the harmful action becomes much more intense, 
so that a steel which could safely be heated to a light "cherry red" in a pure 
fuel would be ruined if heated much above a dark ' 'cherry red' ' in the pres- 
ence of an impure fuel. This fact must always be borne in mind when 
using coal or coke that you have not used before. If you have any doubt 
about the fuel, experiment by trying the lower heats first, and then gradu- 
ally increasing the temperature at each bit dressing. 

Shapil^ the Bit — To shape a bit quickly and accurately, it is neces- 
sary to have a thorough understanding of the functions performed by the 
various parts composing the cutting end and to know the relations which 
these parts bear to each other. 

The parts composing the end of bit are as follows : The Cutting Edge, 
the Faces, the Comers, the Wearing Surfaces or Wearing Edges, the 
Shoulders and the Water Courses or Water Channels. 

By referring to the ac- 
companying cut, shornng low- 
er end of bit with bit gauge, 
the various parts are located 
as follows : The Cutting Edge 
extends from point 2 across 
the bit. The Faces extend 
outward from either side of 
edge. The Corners occur at 2 and the same point opposite. The Wearing 
Surfaces include the line bounded by 1, 2 and 3, and the same line on the 
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other side of bit. The Shoulders are the part of bit extending upward from 
the two Corners and the Wearing Edges, and the Water Courses are the 
grooved spaces which cut into the faces and extend upward along the length 
of bit. 

After bit has been heated to proper temperature, place it on the anvil 
block with one of the flat sides down. 

If the bit is of small size one man can easily carry it from the forge to 
the anvil, but if bit is too heavy for this, it can be handled by two men, by 
placing a stick under center of bit, and allowing the ends to project so that 
they can be caught hold of. By grasping stick with one hand and the pin 
end of bit with other hand, the bit can be easily balanced. If the bit is of 
such size that it cannot be carried by two men, and no lifting device is at 
hand, it can be dragged from the fire to the anvil by placing the spectacles 
on wrench square. 

Begin hammering by striking first at center 
and working outward towards the corners, the heav- 
iest blows being used at center, and gradually grow- 
ing lighter as the corners are approached. After 
hammering one side for a short time, turn bit over spectacles for carrying Bits 
and go through same performance on other side. 

Repeat these operations until bit has been stoved the desired amount. Care 
must be exercised to see that one side does not receive more or heavier 
blows than the other, as any unequal hammering will result in throwing the 
cutting edge to one side of center, thus making the bit lop sided. Another 
point to be watched is to keep the cutting edge in a straight line and not 
allow it to become rounding. If the cutting edge becomes rounded it is im- 
possible to get the same drilling si)eed out of the bit owing to the fact that 
the corners and the wearing edges cannot be made as sharp as if the cutting 
edge is kept in a straight line. 

Another point to be watched is to see that the angle between faces is 
not too sharp, or too flat. If the angle is too sharp, it is impossible to put 
sufficient wearing surface on bit, and in hard rock drilling this is liable to 
result in a hole which is not perfectly round — as drillers say, a **flat" hole. 
On the other hand, if the bottom of bit is made too flat, the cutting speed 
is reduced. The correct angle to use varies according to the size of bit, and 
also the hardness and condition of the rock. 

On a 3-inch bit, in medium hard rock, the angle is usually 90 degrees. 
As the bits increase in size the angle should become greater. Thus, on bits 
from 4 to 5 inches, the angle should be about 100 degrees ; on bits from 5 
to 6 inches, 110 degrees ; from 6 to 8 inches, 125 degrees, and from 8 to 10 
inches 135 to 140 degrees. The above angles are to be used when drilling 
in rock of medium hardness. If the rock is very hard or contains crevices, 
or is much broken, the angle should be made flatter. 
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It is necessary to use the larger angles when drilling the hard rock in 
order to make the corners and cutting edge heavier. Sharp corners or a 
thin cutting edge will not stand well on hard drilling, and while their cut- 
ting speed, when first put in the hole, will be greater than the flatter bit, 
yet, owing to the fact that the heavier edge and corners will not break down 
nearly as soon as the thin edge and corners, the speed made by the flat bit 
will be greater, in the long run. 

Not only will the flatter bit cut more feet in the same length of time, 
but, inasmuch as the corners stand firm the danger of the hole pinching 
down is not nearly so great. Should an attempt be made to run a thin bit 
the same length of time that a flat bit is run, on hard rock, a "pinched" 
hole will invariably result. This is a thing that should always be avoided 
if possible, as it will be necessary to ream the hole before the next bit can 
be used. Not only does the reaming consume much time, but what is even 
worse, it is a rather dangerous operation, as the tools are liable to become 
fastened in the hole. Using a flat bit on hard rock is following out the ad- 
vice of the old saying, "Make haste slowly." 

Where broken or creviced formations are encountered, a flat bit should 
be used, as a bit with thin cutting edge has a tendency to wedge itself in 
the cracks, and unless great care is exercised the tools will be deflected out 
of line and thus a crooked hole will result. 

In order to be able to gauge the angle by eye, and thus make it unnec- 
essary to measure it each time a bit is dressed, the bit should be supported 
on an anvil which is so arranged that it will hold the bit in the same rela- 
tive position at each dressing. If this is done you will soon be able to judge 
very closely the angle being made, while the bit is being hammered. 

For bits up to a size of 8 inches the handiest outfit yet devised for this 
purpose is the angle block and plank arrangement, shown in accompanying 
cut. You will note that this consists of a heavy plank having solidly bolt- 
ed at one end, a wooden block against which the pin end of bit rests and at 



other end an iron block on which the heated end of bit is supported. The 
iron block is made with a backward sloping bevel, and is provided with lugs 
on either side, these arrangements being for the purpose of holding the bit 
solidly while it is being hammered. The plank is provided with,ho!es every 
2 or 3 inches along its length for the purpose of adjusting the position of 
iron block to correspond with length of bit being dressed. The block 
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should be so adjusted that the end of bit projects from 2 to 3 inches beyond 
its outer edge. 

In stoving the bit, you will notice that not only is the width increased, 
but also that the metal around the points 1 and 3, and the same points op- 
posite, (see cut page 75), are expanded. To prevent these points from be- 
coming too wide apart, they should be hammered down frequently, during 
the stoving operation. Some tool dressers first finish stoving the bit before 
driving down these points, but this is bad practice for the reason that if the 
bit requires much stoving, the points become so much expanded that it 
takes considerable hammering to bring them into shape. This heavy ham- 
mering has a tendency not only to increase the width of bit, but inasmuch 
as the blows are such as to drive the metal back into body of bit, the cut- 
ting edge of bit is liable to be forced out of straight line. If the points are 
kept well worked down as the stoving is being done, the bit will shape up 
more symmetrically and with less labor. Another disadvantage of waiting 
until after stoving before driving down the points, is that as the points pro- 
ject quite a little from body of bit, they will cool rapidly, and if an attempt 
is made to drive these chilled points down into the hot steel, a cracked bit 
will invariably result. In bit dressing it should be your aim to so work the 
steel that the parts being worked are at the same temperature. You will 
remember that under instructions for heating the bit, you were instructed 
to heat the bit for a distance of from 4 to 5 inches on the end. This is 
for the purpose of raising all that part of bit which is to be hammered or 
which will be influenced by the hammer blows to the same temperature, so 
so that the steel will ' 'flow*' or move evenly and uniformly under the blow^s. 

If you will stop a moment to think, you will readily see the harm 
which can be done by working steel w^hich is heated unevenly. A piece of 
steel heated to a light cherry red w^ill flow evenly and smoothly under a 
hammer ; a piece of steel heated to a lower color is tougher and requires 
more hammering. If a piece of unevenly heated steel is hammered, the ac- 
tion will be as follows : The steel with higher heat w^ill flow most easily 
and most rapidly. As long as this steel encounters steel w^hich is as soft as 
itself, the only effect of hammering will be to force the grains more closely 
together, thus refining the steel. When, however, this soft steel encounters 
a streak of steel of a lower temperature, the soft grains will not mingle with 
the grains of the harder steel, and instead of the hammering refining the 
steel it will cause a crack or check to start where the soft grains are crushed 
against the harder steel. While, of course, this check cannot be seen, and 
may not manifest itself for some time, it is nevertheless there, and after the 
bit has been subjected to the strain of tempering several times, it will inva- 
riably show itself. There are often present in a bit dozens of these checks, 
caused by improper handling, and it sometimes happens that the checks be- 
come so numerous as to cause large chunks to spall off. 
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In stoving it will also be noticed that the steel is forced back into the 
water channels, thus increasing the thickness of the bit through the center. 
The water channels should be hammered down at the same time that the 
points referred to above receive attention. To reach into the hollow chan- 
nels, it will be necessary to use the peen of sledge. Never allow the bit to 
become so thick through the water channels that it requires heavy hammer- 
ing to reduce it, as much hammering at this point will force the middle of 
cutting edge outward, causing a rounding bit — as drillers say, the bit be- 
comes * 'bellied.'* 

Inasmuch as it is impossible, even by the most careful hammering, to 
wholly prevent an accumulation of extra metal around and in the water 
channels, it will be necessary from time to time to cut out and trim up the 
channels with a hot cut. In doing this work a hot cut having a half round 
edge should he used. If a cutter having a straight edge is used it will form 
sharp corners in the bottom of channels and these may later cause a crack 
to start in the steel. 

Some drillers use a fuller, corresponding in shape and size with the 
channels, for driving them out, and the proper use of this tool makes it pos- 
sible to keep the channels straight and clean. 

If the channels are allowed to fill up the cutting efficiency of the bit is 
reduced, as a bit having a broad bottom will cause the tools to drop much 
slower, owing to the fact that the sludge in the hole offers great resistance 
to a thick bit. If the channels are kept clean and true the sludge has a 
chance to spread around the bit and thus the tools are free to drop. 

If the bit being dressed is not much out of gauge and if the corners are 
not badly ground away or broken off, it will be necessary to stove it just 
enough to get the cutting edge in good shape. The amount of stoving re- 
quired to fix up the cutting edge will be sufficient to spread the bit so that 
the corners and wearing edges can be sharpened up and brought to gauge. 

If a bit does not require much work it should be heated but little above 
a dark cherry red and the dressing should be done by using light blows. A 
hammer weighing about two pounds is of nice size for such work. If a 
heavy sledge is used on steel in which the dark is beginning to show through 
the red, it will more than likely cause the steel to check. This is due to the 
fact that steel, when cooled to a certain temperature, will not flow under a 
hammer, and any attempt to shape it when in this condition, by using heavy 
blows, will result in crushing the grains of the steel. 

As steel in cooling, cools from the outside, inward, there is first formed 
on the outside of bit a thin layer of steel which is at a lower temperature, 
and thus firmer, than the steel beneath. This cooling outer edge thus 
forms a sort of rigid shell completely enveloping end of bit, the shell in- 
creasing in thickness as the cooling progresses. It is now easy to see what 
would happen should the bit be heavily hammered while in this shape. The 
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cooler grains of the outer film will not mingle with the more plastic grains 
below, and thus the only way the outer layer of steel can adapt itself to the 
heavy blows is by the crushing of the outer shell, an action which is bound 
to result in checks and cracks. If the bit has cooled far enough so that the 
shell is sufficiently thick not to break under the blows there is not much 
danger to be feared, but when this point has been reached the bit is so cold 
that it is a waste of time to try to hammer it. 

There is now another .side of the question to he con.sidered. You will 
notice on page 70 that you are instructed to heat the bits so that they will 
be heated evenly, that is, so that all of the heated end will be at the same 
temperature. 

You will now see the necessity for those instructions. 

If a bit is heated so rapidly or in such manner that it is at a high heat 
on the outside and at a comparatively low temperature on the inside, and it is 
subjected to heavy .stoving blows, the cooler and harder steel in the center 
of bit will act as a sort of wedge over which the hot steel will be forced. 

This will result in the starting of a crack up through the center of bit, 
and inasmuch as a great strain comes at this point when the bit is being 
tempered, it will not take long before the steel will open up along this crack. 

When the bit to be dressed is in bad shape, requiring much stoving, it 
should be heated to a light cherry red and heavy stoving blows used. The 
advantage of the heavy blows is two- fold — they bring results quicker and 
they refine the steel. The last reason is the more important and is ex- 
plained as follows : 

When steel is heated to a light cherry red, or in fact to any high heat, 
in becomes more porous owing to the fact that the grains are made coarser, 
and are thus forced further apart. If steel in this condition is allowed to 
cool, it will be found that the grains when cool are nearly in the same con- 
dition that they were at the highest temperature. In other words, a piece 
of steel, unless acted upon by some external force, has about the same 
structure when cold that it had when at its highest heat. This is an im- 
portant point to be remembered and will be referred to later under * 'Tem- 
pering Bits. ' ' 

Continue using the heavy blows until the bit has been stoved the de- 
sired amount, unless the stoving takes so much time that the bit begins to 
cool off con.siderably, in which case the blows should be lightened to cor- 
respond with the temperature of the bit. 

The heavy blow\s on the hot steel force the grains closer together, thus 
making the texture finer and firmer. 

Small bits, and bits which are in bad shape usually require three heats 
in order to complete the dressing. When such is the case, the first heat is 
generally used for stoving, cutting out the water channel and trimming up 
any part which shows signs of checking. The second heat is for turning 
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down and shaping the corners and wearing edges, and finishing up the bit 
with a light hammer, while the third heat is for tempering. 

If a bit is not in bad shape and is of sufficient size to hold a heat for 
some time, it can be dressed in two heats. The first heat being for shaping 
and the second for tempering. 

Once in awhile it is possible to shape a bit and temper it in one heat, 
but it is doubtful if this is good practice. This point will be discussed un- 
der '^Tempering Bits." 

Sometimes it is necessary to dress a bit that is almost full gauge, which 
has a good cutting edge and has one good corner, but which has one very 
bad corner. This makes a mean bit to dress, for unless the bit is handled 
just right there is danger of having a low corner when the bit is finished. 

Inasmuch as the metal to be used in filling the broken corner must be 
brought from the body of the bit by stoving, and inasmuch as this stoving 
will supply metal to both corners, the corner which is not broken off will, at 
the end of the stoving, have the most metal. 

There are two ways to prevent this unequal distribution — one being to 
draw the steel towards the low corner by the way the hammering is done ; 
the other being accomplished by cutting from the good corner enough steel 
to make the two corners the same. 

The latter method is the easier but has the disadvantage of being a little 
wasteful of steel. 

The hammering method depends upon the property which heated steel 
has of "flowing" under a blow. In order to force the steel towards the cor- 
ner, the hammer faces are so inclined when the blows are struck, that the 
steel is forced towards the desired point. 

A skilled tool dresser can easily fill out a broken corner without undue 
stoving of the bit, or without the bit being hammered out of shape, but if 
you are a beginner, it may require quite a little patience as it will probably 
be necessary for you to take several heats before the bit is finally shaped. 
If such should be the case, do not get discouraged as we have all had to pass 
through the same experience, and while the bit dressing end of the business 
may at first seem to you like a big thing, it will not take long, if you go at 
it with the determination to dig it out, before all parts of it will seem simple. 

The writer does not mean to imply by the above that you can expect to 
become expert in ten days or two weeks, but that it will not take you long 
to learn the principles involved and after the few basic principles are under- 
stood, the rest of it is a matter of skill and this can only come with experi- 
ence. 

The amount of stoving to give a bit depends upon the condition of the 
same. If the bit is in fair shape, it requires but little stoving — just enough 
to sharpen the cutting edge and furnish sufficient metal to dress the corners 
and the wearing edges. 
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If such a bit is stoved a quarter of an inch over gauge it will usually be 
large enough for filling out all parts by the time it is brought to gauge. 

On the other hand if a bit has a corner or corners in bad shape, it will 
be necessary to stove it quite a little over gauge in order to have sufficient 
metal to fill out the corners square and strong. 

It is impossible to say just how much over gauge bits should be stoved 
owing to the fact that no two might be the same. However, it is very sel- 
dom that it is necessary to stove a bit more than one inch over gauge. 

Do not stove the bit more than is necessary as it makes the finishing of 
the bit more difficult owing to the fact that it necessitates disposing of extra 
metal. 

This extra metal must either be hammered back into the bit or else cut 
off, and this latter method causes a waste. 

As stated before, one of the most important things to be learned in bit 
dressing is to know when the various operations have been carried far 
enough. When you reach this point, bit dressing will be an easy matter 
for you, as there will be no time lost in extra work, or no energy wasted in 
dressing up misshapen parts. It should be your aim first to dress a bit just 
as good as it can possibly be dressed, and next, to dress it with just as few 
blows as possible. 

You can always tell when a tool dresser understands his business. 
There is no lost motion in his actions ; he knows just how to heat, where to 
hit, how hard and how often to hit, and the rapid and businesslike manner 
in which he works, inspires confidence in his ability. 

Nowdays the well drilling business is being conducted by men who are 
bringing brains as well as muscle into the work, and it should be every 
driller's desire to so inform himself about the various parts of the work as 
to make the business a profession, and not just a job. 

To shape the corners, shoulders and wearing edges, after the stoving 
operation is completed, turn the bit on edge, shoving it out on the block far 
enough so that the shoulders will clear the outer edge. 

If the bit is small, not over 5 or 6 inches, one man should hold it in the 
correct position while one man hammers it. If the bit is of larger size, it 
will have sufficient weight to hold it solid, and will be of such size that two 
men can hammer on it to advantage. 

If the bit is in good shape with neither corner oif , the first blows should 
be used for driving down the shoulders above the corners. 

If the bit has been equally stoved so that both corners are equally dis- 
tant from the center, then both shoulders must be driven down the same 
amount. 

If, however, the stoving has been so done or the bit is in such shape 
that one corner is further removed from the center than the other, allow- 
ances must be made for this fact and the hammering so done that when the 
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shoulders are both driven down, the corners will be equally distant from 
center. 

While driving down shoulders try the size of bit frequently with the 
bit gauge, to see that you are not carrying the operation too far. 

When the shoulders have been driven down so that the corners come to 
gauge, you have two fixed points from which to work. Now drive down 
the shoulder above the lines 1 to 2 and 2 to 3 (cut page 74) and the shoul- 
ders above the same lines opposite. This is for the purpose of forming the 
wearing edge. 

In this operation, work from the corner outward. In doing this work 
the wearing edges on both sides of the bit should be brought down together. 
That is, the bit should be turned over several times during the hammering. 

The reason for this is, that should one side be finished before starting 
on the other, the last side will not work easily, owing to the fact that it 
has cooled oil considerably. 

As the first part of the operation usually necessitates some heavy ham- 
mering, this should be done while the metal is at its highest heat. 

Bring the wearing edges down until they come about A in. smaller 
than the gauge, while the corners come out full size. The reason for bring- 
ing the edges below gauge is that in driving them down the steel will be 
forced out past the faces of bit and as it will be necessary to drive this metal 
back into the bit, some allowance must be made for the expansion of bit, 
which will take place when this is done. 

Now lay the bit flat as in sto\dng and shape up the wearing edges and 
the corners. 

To drive the extra steel at these parts into the bit without undue ex- 
pansion of the bit, the hammer should be so held that the blows do not fall 
directly upon the face but at an angle, towards the face. This will result 
in driving the steel away from the wearing edges into the body of bit. 

After hammering the bit in this manner until the metal in the wearing 
edge is almost even with the faces, change the position of the hammer so 
that the blows fall the same as in stoving and continue until the edges are 
even with the face. 

The bit should now fill the gauge exactly, but should it be a little large, 
due to the operation just described, it can easily be trued up by slightly 
driving down the edges. 

The bit should now be about a dull red or a little cooler and is in excel- 
lent shape for the final hammering. 

Take a small hammer, 1 ^ to 2 lbs. and go over the cutting edge, wear- 
ing edges and corners, using light blows, but many of them. This sort of 
hammering, when the steel is at a dull red or little lower heat, makes the 
bit stand better as it seems to make the grain firm and tough. 

The instructions given above are for a bit which was not hard to dress. 
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For a bit in bad shape, the treatment is about the same excepting that 
it will have to be stoved more and thus will require more dri\dng down on 
the shoulders. Shoulders on a bad bit are usually driven outward at the 
same time they are driven down. 

To do this, the hammer is so held that the blows fall behind as well as 
down on the shoulders. This will result in setting the corners out at the 
same time that they are being driven down to gauge. 

If a bit is in bad shape and requires much stoving, it should be re- 
heated before shaping up the corners, unless it is a large bit which holds 
heat well. 

It sometimes happens in making up a corner that cracks will come in 
the steel just at the comer and if these are deep they should be cut out. If 
they are not deep, you can neglect them, as the corner on which they are 
will probably come oif in the hole. 

In gauging a bit the bit should fill the gauge as shown in cut page 75. 
Also the bit should be so dressed that the gauge will pass up the bit freely. 
What is meant by this is, that the shoulder above comer and wearing edges 
should not project beyond the line of the corner and edges. 

It is always best to use a bit gauge in gaug- 
ing a bit, as with any other appliance, such as 
callipers, etc., it is easy to get the bit out of 
shape. 

As the angle between the faces of a bit 
should vary according to the kind and hardness 
of the material being drilled, so also should the 

shape of comers, shoulders and wearing edges vary. In a hard formation 
the comers should be made rather flat and the shoulders should extend 
straight upward from the corners for a distance of about an inch. The 
wearing edges should also be protected by having shoulders extend above 
them. The purpose of the big shoulders is to give strength to the comers and 
edges by backing them up with metal. 

Heavy shoulders and wearing edges should also be used in sand rock 
drilling even though the rock is not hard, owing to the rapidity with which 
sand rock will wear the steel. 

A bit with sharp corners and thin wearing edges, while it may not dull 
if used in soft sand rock, will nevertheless soon wear out of gauge. 

In drilling in soft shale or slate, a bit of diiferent shape should be used. 
Owing to the softness of this class of rocks the drill bit will slightly bury 
itself at each blow and if bit with heavy shoulders is used, it will constantly 
be wedging itself in the hole. 

Instead of heavy shoulders, the shoulders should taper backwards from 
the comers, and the wearing edges should be dressed out thin. This is 
called putting a "feather edge" on a bit. 




86 THE CYCLONE DRILL CO. 

In rock much broken and fissured, the bit should not only be provided 
with heavy shoulders and wearing edges, but should be dressed with very 
full wearing edge. That is, the bit should be dressed so that the wearing 
edge fills a large part of the circle. 

This makes the bottom of bit have somewhat the appearance of a 
reamer. To dress a bit this .style, the angle between the faces, in stoving, 
is made very flat and the stoving is continued until the bit is considerably 
over guage. 

In driving down the corners the extra metal is carried from the comers 
down and around as previously described. 

In dressing a bit for gravel, sand or clay drilling, it should have an 
angle of from 70 to 75 degrees between the faces and should be dressed 
without much wearing edge. 

A regular rock bit used in sand, clay or gravel makes slow drilling as 
the bit is so blunt that it packs the material in the hole without mixing it 
with the water. 

Of course, when boulders are encountered in this material, it is neces- 
sary to use a rock bit as the cutting edge and corners of the gravel bit are 
too thin to stand up to hard drilling. 

On page 87 are shown cuts illustrating three bits. A and B were made 
from two bits sent to the factory to be repaired and show very clearly the 
manner in which some drillers take care of their drilling tools. It would 
perhaps surprise many good drillers to know the great number of such bits 
we receive. It speaks mighty well for the profitableness of the drilling 
business when men who take such care of their outfits as shown by the 
above bits can continue in the business and make money. 

Bit "A'* shows clearly that the man who dressed it did not have the 
least conception of what a bit should be or else was too lazy to put his 
knowledge into work. The bit shows about every defect in the catalogue 
excepting that it isn't cracked, and this is probably due to the fact that the 
man was too lazy to hit it hard enough to start a crack. 

You will notice that the cutting edge is rounding, thus making blunt 
corners. One corner is further from the center than the other, a condition 
which will put an extra strain on the tools, owing to the fact that the tools 
are forced out of center line of hole. There are no wearing edges, and last, 
but not least, the water channels are filled up. 

A driller with a bit shaped as this bit, would only drill about one- third 
as many feet per day as a driller with a properly dressed bit, even though 
all other drilling conditions were the same. 

Bit "B" shows the result of unequal heating and deep tempering. The 
crack through the center has been started by hammering the bit while the 
steel was hotter on the outside than on the inside, and enlarged by setting 
the bit too deep in the water when tempering. 
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The steel in '*A" is in fairly good condition and the bit, after shaping 
up, can be used, but the steel in **B" is ruined for a distance of about 8 
inches up from the end. 

The cuts marked "C" and **D" are different views of the same bit and 
show how a bit should look when properly shaped. This bit was dressed 
for hard rock drilling and you will notice the straight cutting edge, the deep 
corners, heavy shoulders, full wearing edges and clean water channels. 
This is the shape of bit which, when properly tempered, will make money 
for a drill man. 

A well dressed bit will not only make you more money, but it will make 
your work much easier, as a bft when properh- dressed will run longer than 
one poorly dressed, will be easier to dress when it becomes dull and most 
important of all, it will keep the hole in such shape that no reaming is nec- 
essary and thus the chances for fishing jobs become verj' slim. 

Tempering a Bit — There are two methods of tempering a bit. One 
is to heat the bit to a certain heat, set it in water to a certain depth and 
leave it there until it is cold. This is known as tempering by quenching. 

The other method, and this is the most satisfactory, is known as drawing 
the temper and consists of heating the bit to a certain temperature, then 
cooling the end by allowing it to stand in shallow water for a few minutes, 
after which the bit is withdrawn and the heat allowed to *'run" until the 
cutting edge and the steel for a distance of from yi to ^ of an inch above 
the cutting edge are at the proper temperature, when the bit is set back into 
the water and allowed to cool. We will first consider this method. 

Heat the bit for a distance of from 3 to 4 inches on the end, to a dull 
cherry red. For tempering never heat higher than this, and with some 
steels you will find it necessary to heat to even lower temj^erature. 

The higher heats have a tendency to cause the steel to check. 

Another disadvantage of the higher heats is that the texture is made 
coarser, and, as the grains of steel will be in the condition in which they 
were at the highest heat, it is necessary to temper at low heat, in order to 
keep the steel close grained and tough. 

For the reason just given, it is imperative that the tempering be done 
on an ascending heat, that is, the steel should be brought to the proper heat 
and then set in the water, not raised to a higher temperature, then taken 
from the fire and allowed to cool down. 

It is also necessary that the bit be brought to a heat slowly and evenly 
so that the metal all through end of bit will be as near as possible at the 
same temperature. To accomplish this it is best to heat with a "slow" 
blast. 

The vessel for holding the cooling water is usually made in the form of 
a box about 1 % feet long, 8 inches wide and 6 inches deep. The lumber 
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composing it should be at least 1 inch stuif , as the box will be subjected to 
pretty hard usage. 

Two pieces of pipe 1 54 inches in diameter should be run lengthwise 
through the box and so spaced that their centers are 3 J4 inches apart. The 
bottom of the pipes should come about 1 ^ inches above the bottom of the 
box and the pipe should be fastened firmly in the ends of box. The pieces 
of pipeshould be spaced equal distance from the center. 

Now fill the box to within 2 inches of the top with clean, clear water. 
After the bit has been brought to the proper heat, set it in the water, so 
placing it that the cutting edge goes down between the two pipes, thus al- 
lowing the bit to be supported on its two faces by the pipe. 

Some drillers use a flat iron plate in the bottom of box for supporting 
the bit but this is bad practice. Not only does this allow the cutting edge 
to come in contact with all the sediment which naturally settles on the bot- 
tom, but the iron plate seems to draw the temper out of the cutting edge, 
thus making it soft. 

The pipe arrangement is by far the most satisfactory as it keeps the bit 
oflF the bottom and holds it up in such a manner that the water can circulate 
around all parts of it. 

The water in box should be deep enough so that it just about comes to 
the top edge of bit faces. While the bit is cooling, keep the water around 
it in slight motion by stirring with a stick. This for the purpose of assist- 
ing in cooling by forcing the film of steam or bubbles away from the sur- 
faces and is also for the purpose of varying the line of contact between sur- 
face of water and the bit. 

If the water is allowed to remain at a stationary level, it has a tendency 
to cause checking, due to unequal contraction of the steel. 

While the operation of tempering necessitates the comparatively rapid 
cooling of the steel after it has arrived at a certain temperature, this cooling 
should be done in such a manner that the steel is given a chance to adapt 
itself to the change. 

Do not set a bit deeper than the top edge of faces and if it is possible, 
temper by setting shallower. Never temper by shoving the whole heated 
end under water. This sort of action is bound to result in a cracked bit, if 
the bit is made of steel, and the better the steel the sooner will the cracks 
show up. 

In tempering, the steel on outside of bit is cooled first. This results in 
forming a shell of cooling steel, which as it cools, contracts. As it con- 
tracts, it squeezes the metal in center of bit and this squeezing has a ten- 
dency to raise the center to a still higher temperature and this in turn has a 
tendency to expand the metal in center. 

Thus two forces are at work, the cooling outer shell trying to contract 
and the heated inner metal trying to expand. You gau now easily see how 
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checks or cracks started in the heating or hammering of the bit will open 
up on tempering. Even when the bit is set shallow in the water, a great 
strain is thrown upon, or rather wnthin, the steel, and should the whole 
heated end be shoved under water, the strain becomes enormous. 

To return again to the tempering. After the bit has been sitting in 
the tempering trough for about two or three minutes, remove it from the 
water and with a brick or sandstone, scour the shoulders until they are 
bright. Now watch for the colors as the heat from above forces them 
down. The first will be a light straw color, then a full straw color, a light 
brown, a duller brown, brow-n with purple spots, light purple, dark purple, 
light blue, darker blue, blue tinged with green and so on. Each color rep- 
resents a certain degree of heat and the following table shows the small dif- 
ferences in heat which it takes to run the full color list : 

Light Straw Color 430 degrees Kahr. 

Full Straw Color 4f>() ^ 

Light Brown 490 

Darker Brown 500 

Brown fading into Purple 510 

Light Purple 530 

Dark Purple 550 

Light Pigeon Blue 570 

Darker Blue 600 

Blue with Green. 630 
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For rock of medium hardness the temper should be stopped somewhere 
between the full .straw and the darker brown. For extremely hard rock, 
temper to a little deeper color in order to give toughness to the steel. In 
very soft rock such as shales, a hard temper can be used, inasmuch as the 
.shale is so soft that no great strain is put upon the edges and the hard tem- 
per will prevent the bit from rapidly wearing out of gauge. 

In sandstone or other hard rock, it is best to temper as hard as possible 
and yet have the steel tough, in order to keep the bit to gauge as long as 
po.ssible. 

The colors reconmiended above will vary somewhat with the particular 
kind of steel used and thus the driller will have to experiment to determine 
just the proper colors to use for the bit which he has. 

As the running of the colors depends upon the formation of an iron 
oxide, which forms as the heat travels through the steel, it is necessary that 
the water in which the tempering is done be perfectly clean and also that no 
oil be present, as dirt or an oil film will make the colors show up diiferent. 

It sometimes happens that steel will crack in spite of all you can do and 
in tempering this kind of steel, the water should first be heated almost to 
the boiling point. Some drillers use special solutions as cooling mediums, 
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but it has been the writer's experience that these are more troublesome than 
beneficial. 

If it is desired to use a quick cooling solution, the handiest and safest 
is a solution of common salt and water. This solution does not product 
poisonous fumes and has the added advantage of being cheap and easily 
obtained. 

If it is desired to temper by the "quenching" method, as referred to in 
the beginning, all that is necessary to be done is to heat the bit to the proper 
temperature, then set it in the water and leave it to cool. 

The proper temperature to which it should be heated depends upon the 
hardness of the rock being drilled, also the kind of steel used and can be de- 
termined only by experiment. 

The instructions given above in regard to too rapid cooling, unequal 
contraction, etc., apply with equal force to the present method of tempering. 

The quenching method is all right for rock of medium hardness or 
softer, but for rock of great hardness, it is necessary to draw the temper in 
order that you may be sure the steel will stand. 

The writer realizes that the subject of Bit Dressing has been drawn out 
to a length that may prove tedious to you on first reading, but the subject 
is so important, and has such a direct bearing on your success in the drilling 
business that it should not be slighted. 

A great deal more space might profitably be devoted to this end of the 
business without exhausting its possibilities and the writer has attempted to 
embody enough theory and give sufiicient reasons for his instructions so 
that you would understand the basic principles and thus be in a position to 
reason out any new problems which may arise. 

If some new knotty problem comes up and the steel acts in a way which 
is seemingly altogether unexplainable, do not give up and excuse yourself 
by saying that the steel is at fault. It is true, there is a possibility of the 
steel being bad, but the chances are a hundred to one against it. 

Set yourself to work to figure out the cause of the new condition and 
if you are successful and can locate the reason you have made yourself that 
much stronger, as the problems which you reason out yourself will remain 
with you long after instructions and rules have been forgotten. 

In bit dressing, remember that while ''The driller makes the well, the 
tool dresser makes the hole." 
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PART III. 

Drilling Tools. 

; The descriptions of drilling tools which we have already given have 
l^n of a rather broad nature, it being the intention of the writer simply to 
£|how them in relation to drill work in general. 

In the present chapter we will consider the tools with relation to 
weight, size, etc. 

It has been found by experience that certain sizes of tools are best 
^dapted for certain kinds of work. That is, the tools must be proportionate 
to the work to be done. 

While it is readily apparent that a heavy string of tools will drill faster 
than a light string, still, owing to the fact that a heavy tool equipment re- 
(;(uires a heavy machine, and inasmuch as in water well drill work the wells 
in the large majority of cases do not extend to a great depth, the weight 
of the drilling tools must be brought down to a point where it will not be 
necessary to have an unwieldy machine. 

As an example : It would not be a paying proposition to use a heavy 
oil well rig on 200 to 300. ft. jobs, as the expense of moving, setting up and 
operating the big machine would eat up the profits to be made on the shal- 
low holes. 

Another point to be considered is the proper proportion of different 
parts of a tool equipment. By this is meant the proper proportion of joints, 
wrench squares, collars, shoulders, etc. These are points which cannot be 
figured by any fixed rules and can be determined only by experience in the 
field. 

The dimensions which are given in the following pages are such as 
have been settled upon as best by a large majority of drill manufacturers. 

Rope Sockets — Rope Sockets are made in many difiFerent styles, but 
the four styles illustrated are the ones now almost universally used. 

The Patent Socket is fully described on pages 10 and 11. 

The Wing Socket was one of the first sockets used and is still employed 
by many drillers for handling small tools. 

For large tools, however, it is not to be recommended owing to the 
fact that much time is required to **set" the rope, and also owing to the 
fact that unless great care is used the rope will be set crooked, due to the fact 
that the wings are not driven up even. 

In setting the wing socket, the shank of the wings is heated and the 
wings slightly spread. The cable, after being wrapped, is pushed to bot- 
tom of opening, then the wings are driven together as far as possible and 
pins driven through and riveted. 
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In riveting, the heads of rivets should be driven fiat, so that in case of 
fishing job they will not interfere with the action of the slips in fishing tool. 

The New Era Socket, or as it is sometimes called, the Woodpecker 
Socket, due to peculiar shape of hole in side, makes a very handy socket 
owing to the fact that a rope can be easily and quickly "set." In this style 
socket the cable is pushed down from the top and conies out the beveled 
hole at side, then knotted as described on pages 10 and 11, and pulled taut, 
 the bevel holding the cable without pins. 

The New Era is used quite extensively in the oil fields, but it has one 
weak spot and thus must be watched closely at this point. Owing to the 
shape of bevel the rope is drawn against sides of opening with great force 
and this wedging action often results in starling a crack at edges of opening 
where the metal is thin. 



The Sub Socket is made to combine the strength of the Patent Socket 
with the convenience of the New Era Socket. By referring .to the cut, its 
construction will be readily understood. 

By using the straight pin it is possible to make the bottom of bevel the 
same size as the box, thus allowing the knotted cable to be easily drawn in. 

Owing to the extra work required in making the sub socket, it costs 
quite a bit more and thus is not generally used. 

It will be noticed that the top of the Patent, New Era and Sub Sock- 
ets have grooves cut around them. These grooves are for the purpose of 
making the fishing tools take a firm hold, in case it is necessary to use them. 
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It is the usual i)ractice to make the hole through socket 
l{ inch larger than the rope for which it is intended. Thus 
if the rope to be used is 1^8 inch, the hole should be 1?^ inch. 
This is done to allow plenty of room for inserting the rope, as 
a rojie when new is generally somewhat over-size. 

Auger Stems and Sinker Bars. 

The difference between an auger stem and a sinker bar is 
simply a difference in length. 

In the oil fields any stem under 18 feet is called a sinker 
bar. On small i)ortable rigs designed for water well drilling, 
this distinction is not made, as an 18 foot stem is a large stem 
for some of these small outfits. 

In figuring on stems for different sizes of holes, the stems 
must be small enough to allow of sufficient clearance so that 
the tools will drop free, and yet be large enough so that the 
joints used will be of ample strength to stand all strains. 

The strains thrown on joints are not great in small holes 
unless the hole goes crooked or a slanting crevice is struck or 
slanting strata are encountered. 

If, however, a small stem is used in a large hole, the 
oscillation of the tools will be so violent as to throw an unsafe 
strain on the joints, especially the joint at bottom of stem. 

There is also danger of a hole drifting, or becoming 
crooked when a small stem is used in a hole of large diam- 
eter. This drifting tendancy is due to the fact that the top 
of tools has such a large amount of play that the bit can easily 
follow the path of least resistance. Increasing the length as 
well as the size of stem will assist in overcoming this drifting 
tendancy. In the oil fields, where it is often necessary to 
start with holes 13 to 16 inches in diameter, the stems used 
are usually about 45 feet long. By using the long stems, the 
oscillations of the top of the tools have but little effect on 
the bit. 

In making stems the joints are usually welded on, on ac- 
count of the fact that the diameter of the collars of the joints 
should be greater than the diameter of the stem. Some few 
drillers insist on using a stem with a diameter the same size 
as the joint collar, in order to get as much weight as possible, 
but under ordinary drilling conditions this is not good prac- 
tice as the stem will drag in the hole. 
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The following table gives the diameters of stems usuall}' used on port- 
able rigs in holes of different diameters, together with the sizes of joints 
and collars, as well as weights per foot of stems of various diameters : 



Smallest hole i 
to V)e used in 
Inches 


Diameter 

of Stem 

Inches 

2^ 
8 

Wx 
4 

3^ 
to 


Size of Joint 
Inches 


Diafneler 

of Pin Collar 

Inches 


Diameter 

of Box Collar 1 

Inches 

i>  


Weight per foot 

of Auger Stem 

Pounds 


, 3 

1 


13^x13/ 

13.8X2 


23/8 

3J^ 

"" 3^ 

3^ 

i% 
4J^ 

45^ 
4^ 

4^ 

' "4^ ^ 

6 
") 

1 


17. 


3^ 


2J6 
3^ " i 


20.5 


4 


15^x2^ 

mx2^2 

lHx2^ 
or 
2x8 


24.3 


4'A. 


3^8 
3^-8 

434 
4^ 

4.3/8 

43/ 

4.V8 

43.8 
43/8 

73/8 


28.3 


5 


28.3 
32.9 
37.7 


oH 


2x3 
or 

2J4:x3}^ 

2x3 
or 

25<i:x3i^ 

2x3 up to 

2^2x314 

2x3 up to 
3x4 

2x3 
up to 

3j^x4^ 

2^^x31^ 

up to 

4x5 


32.9 

37.7 
42.7 


6 


32.9 

48.3 


d'A 


•^% to 

4^ 

4 to 

4 

to 

5 

45^ 
to 


32.9 
.")3.4 


~H 


42.7 
59.3 


8 and 8 ]4. 
S'/{ or larger 


42.7 

6().4 
53.4 

80.9 



You will note in the table just given nothing was said about length of 



stem. 



The following table shows the lengths of stems usually used on portable 
rigs in holes of average size and different depths. 



Lenj^lh 


Depth of Hole 


Length 


Depth of Hole 


of Stem 


Feet 


of Stem 


Feet 


Feet 




Feet 




12 


150 


K) to IS 


GOO to 700 


12 to 13 


250 


IH to 20 


700 to 900 


12 to 14 


300 


20 to 24 


900 to 1200 


14 to 15 


350 


24 to 2() 


1200 to IGOO 


14 to k; 


400 


26 to 32 


IGOO to 2000 


14 to IG 


450 


32 to 45 


2000 to 3500 
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You will note in the large table on opposite page that the measure- 
ments given for different sizes of tools are made with reference to the small- 
est hole in which the tools are to be used. 

The table is drawn up in this manner for the reason that small tools 
which are ordinarily used for small holes are sometimes used for drilling 
larger holes and while the small tools will not handle the large holes so sat- 
isfactorily as tools of proper size, still there is nothing about the small tools 
except the slowness and danger of their operation which will positively pre- 
vent their being used in holes of a diameter larger than that for which they 
are listed. 

Thus by referring to the table you will see that for drilling a hole 4 \i 
inches in diameter, a stem 3^ inches in diameter is the largest which can 
be used. That is, if a larger stem is used, it will drag in the hole and the 
drilling speed will thus be reduced. 

On the other hand, there is nothing to prevent the 3J^ inch stem from 
being used in holes 5, 55^, 6 inch or larger in diameter except the fact that 
it will drill slower and, owing to its smallness, will allow the tools more 
play in the holes, thus being liable to cause trouble. 

You will note that for drilling a hole 55^ inches in diameter, three dif- 
ferent sizes of stems are given, namely 3^, 3^ and 4 inch, also two differ- 
ent sizes of joints. The meaning of this is that a stem having any one of 
the diameters given above can be used for drilling a 5 5^ inch hole, it also 
being optional with the driller whether 2x3 or 2}^x3J^ joints be used. 

It is the usual practice, however, to use 2x3 joints in 5f^ inch holes 
except when deep holes are being drilled and thus long stems used, and ex- 
cept w^hen the material to be drilled is extremely hard and greatly creviced. 

Under either of the above conditions it is best to use the larger joints. 

You will also note that as the holes become larger, the range in diame- 
ter of stems, and sizes of joints becomes greater. Thus for holes 8 or 8}i 
inches, the stems to be used can safely range from 4 up to 5 inches and the 
joints to be used can vary between 2^x35^ and 35^x4}^. 

Owing to the wide range of sizes of stems and joints which can be used 
in holes of large diameters, the factor which usually determines the proper 
size of stems and joints, is the length of stem. 

Thus in deep holes, where as a rule long stems are used, it is neces- 
sary to have the stems of large diameter in order to prevent excessive vi- 
bration, and it is also necessary to use large joints in order to stand the 
strain put upon them by the great weight. 

On the comparatively shallow holes, up to 300 or 400 feet, where the 
stems used do not exceed 14 feet in length, the proportioning of joints to 
size of hole is not of so much importance, as the weight of tools is not so 
great. 

However, even on the shallow work, the writer would advise that the 
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proportions given in table for holes up to a diameter of six inches be fol- 
lowed very closely, as then, if it is wanted to drill larger holes with the 
small tools, the proportions will admit of quite a bit of what might be 
termed overload. 

Thus if a stem 3J4 inches in diameter by 14 feet long having joints 2x3 
is being used for drilling 5 inch holes it can also be used with comparative 
safety for drilling holes as large as 6 or 7 inches in diameter, also if a stem 
4 inches in diameter by 14 feet long, having joints 2J^x3^ is being used 
for drilling holes 6 inches in diameter, it can with comparative safety be 
used for drilling holes 8 to 10 inches in diameter. 

When, however, the holes are as large as 10 inches it is best to have a 
heavier stem with larger joints and the writer would not advise the taking 
of contracts for 10 inch wells if the work is to be handled with a stem no 
larger than 4 inches by 14 feet, unless the material to be penetrated is very 
easily drilled. 

You will note in the table given at bottom of page ^6, the lengths of 
stems recommended for holes of different depths. These lengths are figured 
as per the explanations given on pages 93-95 and are for holes of average size. 

What is meant by average size, is holes ranging from 3 inches up to 8 
or 8}^ inches in diameter. Holes of larger diameter demand extra long 
and large stems for the reasons given on page 95. 

The two tables given on page 96, taken in connection, will indicate 
very clearly the proper size of stem to use for any depth or size of hole, the 
dimensions given having been found to be best by actual experience. 

Thus, if the wells in a certain section of country average about 400 feet 
in depth and range around 6 inches in diameter, the tables would indicate 
that a stem 14 feet long by 4 inches in diameter, with joints 2x3 or 2}^x3^ 
should be used. 

If the same size hole is to be drilled to a depth of from 700 to 900 feet, 
the stem should be from 18 to 20 feet long, and so on. 

After the proper size of tool equipment has been determined, the select- 
ing of a suitable drilling machine becomes a matter of adapting machine to 
equipment. It is here that the advice of the drill manufacturer must be 
relied upon, and thus it behoves every purchaser of a drilling machine to 
make sure that the company with whom he is dealing is in charge of ex- 
perienced drill men whose advice will be based on practical field work. 

It is true that it is possible to make a small amount of hole with any 
kind of an outfit, but the writer is basing his advice on the theory that drill 
men desire to make the greatest possible amount of footage. 

Drilling Jars. 

The making of a good set of drilling jars is one of the most particular 
jobs which a drilling-tool manufacturer has to face. Owing to the heavy 
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strains which are thrown on the jars, it is necessary that no flaws nor im- 
perfections be allowed to enter into their construction as these are bound to 
show up sooner or later by causing a fishing job. 

Jars are made up of two classes of steel ; the soft steel used in joints 
and the hard steel used in reins and heads. The steel used in reins and 
heads is practically^ the same as used in the cutting end of bits, it being nec- 
essary to use this hard steel in order to prevent too rapid wear of the 
tongues, also too rapid wear at the point where the heads come together. 

The instructions given on pages 51 and 52 in regard to taking care of 
jars should be followed out and when the heads become so worn that the 
metal is cut down within 2 or 3 inches of base of tongue the jars should be 
thrown aside or else used on but very light work. 

The following table shows dimensions of jars to be used in holes of dif- 
ferent diameters : 



Range in diameter of holes to 


Diameter of Jars 


Approximate Weight 


be used in, Inches 


Inches 


Pounds 


3 to 4 


2H 


70 


3J4 to 4% 


3 


80 


4 to 5 


3^ 


100 


4J^ to 5^8 


3^ 


125 


5 to 6 


45^ 


145 


5f^ to 7 


45^ 


200 


6 to 8 


5 


2f)0 


6}^ to 10 


5J^ 


• 300 


IVb to 12 


(yl^ 


450 


8 to 12 


(y'A 


500 


Hl{ and larger 


7 


600 



In the above table the sizes given are for jars for water well drilling 
and not for oil well work. It is the usual custom to use jars of slightly 
smaller diameter for drilling water wells, owing to the fact that, in this 
work the holes often have a large amount of water and thus the tools mast 
not fit the holes too close. In oil well drilling, the water is usually cased 
off, and, as long, heavy stems are used, jars of the very largest possible size 
are to be recommended. 

You will note in the table of jars, that the measurements given are 
made with reference to range in diameter between two sizes of holes. The 
jar table is so arranged, owing to the fact that jars of a given size are often 
used in holes of different diameters. However, any particular size should 
not be used in holes smaller than the smallest hole given. Thus a set of 
jars having a diameter of 4}^ inches should not be used in a hole smaller 
than 5 inches nor in a hole larger than 6 inches. 
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Drill Bits. 

As stated under "Bit Dressing" the bit is the business end of the tool 
equipment, and demands proper attention and skill in handling. 

Not only must judgment be exercised in dressing and tempering the 
bit, but what is of equal importance, the bit to start with must be of proper 
shape and size for handling the kind of work which it is expected to do. 

Broadly speaking, there are two kinds of bits — Spudding bits and 
Rock bits. 

A Spudding bit is for use in sand, clay, gravel, etc., and is made some- 
what thinner than a regular rock bit owing to the fact that in drilling in 
material above bed rock the action of the bit is such that it simply stirs up 
the material, thus giving it a chance to mix with the water. 

A thin spudding bit will make hole much more rapidly in the material 
above bed rock than a regular rock bit, as the rock bit is so blunt that it 
has a tendency to pack the material without mixing it. 

Another trouble experienced in using a rock bit is, that it **muds" up 
very rapidly owing to the fact that it fills the hole so completely. 

A Rock bit, as the name implies, is for use in rock drilling, and, inas- 
much as it is necessary to dress a rock bit with full wearing surface and 
also, owing to the fact it is harder to keep a hole straight in rock than in 
dirt, it is necessary to make a rock bit much thicker than a spudding bit. 

As stated under * 'Drilling in Rock" pages 52 to 62, several different 
types of rock bits are manufactured for use under varying conditions of 
rock drilling. 

It is, howev'er, possible to construct a standard type of rock bit which 
will cover pretty completely the entire rock drilling field and which may, 
by proper dressing, be made to successfully cover all classes of rock drill- 
ing, excepting those which are the most severe. 

To construct a bit of proper proportion so that it will answer for a uni- 
versal rock bit, it is necessary that the various dimensions be carefully con- 
sidered. That is, the bit must be so proportioned that it will admit of being 
dressed for different classes of rock drilling and yet will be of such shape 
that it is a safe bit to use in the various classes of formations. 

By referring to table given on page 103 you will note the various meas- 
urements and specifications which are considered in the construction of a 
bit. These are as follows : 

Size of Bit. By this is meant the size of hole the bit is to be used in, 
or in other words the size the bit will be when dressed for business. 

Size of Joint. This dimension determines the size of pin and also 
the size of collar and wrench squares. 

Length of Bit. This dimension is the distance from shoulder of joint 
to cutting edge. 
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Amount Soft Steel. This is the steel used on pin end of bit. As 
a rule the amount used does not vary in bits of the same size. Where it is 
desired to increase the length of bit it is usually done by increasing the 
amount of tool steel. 

Amount Tool SteeL This is the steel used in cutting end of bit. 

Total Weight. The weight can of course be determined by adding 
the weights of soft steel and tool steel. 

Width of Blade. 
Thickness of Blade. 
Diameter Blade Across Comers. 
Width of Water Channel. 
Thickness in Water Channel. 

By referring to accompanying cut it will be understood how the various 
measurements are taken. 
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A. Gives total Length. 

B. Width of Blade. 

C. Thickness of Blade. 

D. Width of Water Channel. 
. A. Diameter across corner of Blade. 

y\ Thickness in Water Channel. 

The various dimensions given for bits of different 
sizes, in the table on page 103, are such as have been 
found best for bits which are to be used on portable 
water well machines. 

On heavy oil well outfits the bits are usually 
longer, and are sometimes wider and thicker, but as 
already stated, v^ery heavy stems are used in oil well 
work and thus bits which are of proper proportions 
for the heavy outfits are not adapted to water well 
equipments. 

By referring to accompanying cut and also to 
table on page 103, it will be seen that there is a fairly 
constant ratio between the thickness of blade and 
the width of blade, this ratio ranging between 1 to 1.3 
and 1 to 1.5. It will also be noted that the ratio be- 
tween the width of blade and the diameter across cor- 
ners is fairly constant, this being approximately 1 to 
1.1. 

The meaning of the above, stated in other words, 
is, that, as the width of blade increases, the thickness of blade and also the 
diameter across corners increase in a proportionate amount. It is neces- 
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Dimensions Standard Rock Bits for Portable Drilling Machines. 
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ERRATA 

Bit table page 103, the "thickness of blade" of 6 inch bits should be 
35^8 instead of 3?^ inches. 

Bit table page 103, the next "size of bit" after the 6 inch bit should 
be 7 inches instead of 6f6 inches. 

Page 318, the page reference in line 7 should be 316 instead of 315. 

Page 318, the page reference in third line from bottom should be 316 
instead of 215. 
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You will note that two sizes of bits are listed for o, 5>^ and (> in. holes. The smaller 
bits of these sizes are given for the purpose of showing the sizes of bits which should be 
used on very lijjjht stems, and are not to be recommended for drilling in hard rock or 
formations. 
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sary that this be so or otherwise the bits of larger sizes would have so much 
play in the hole that it would be almost impossible to keep the hole straight. 
Thus a bit which is of proper thickness for a 6 in. hole is entirely too thin 
for an 8 in., 10 in. or larger hole. 

The writer has often seen drillers stove up 55^ or 6 in. bits for use in 

7 or 8 in. holes, claiming that the small bits were as satisfactory as bits of 
proper sizes. You will find, however, that drillers following the above 
practice will spend a good deal of their time reaming and straightening 
holes. 

Another trouble experienced in using a thin bit for rock drilling is, 
that it is a hard matter to get the wearing surface as full as should be used 
and thus the hole is liable to become "flat." 

The dangers outlined above are not so great where the drilling is 
*'good" and thus it may be your experience to find in your section of the 
country drillers who employ the above methods with satisfactory results, 
but do not let this mislead you into following in their footsteps as it is tak- 
ing chances and this is something which a drill man must avoid if he wants 
to establish a reputation as a successful well driller and expects to make the 
greatest possible profits out of the business. 

To illustrate the importance of proper proportioning of bits, we will 
refer to dimensions of 8 in. bit in table page 103. 

You will note that an 8 in. bit should have a blade 6/4 in. wide, 4H 
in. thick, and 7li in. across corners. Now as this bit is to be used in an 

8 in. hole, there will be ^A of an inch between each edge of blade and sides 
of hole and H of an inch between the corners of blade and sides of hole. 
Thus the bit does not have to be stoved over ^ of an inch on a side in 
order to bring it to gauge and as the diameter of the blade across corners is 
754^ in., this leaves, as stated above, H in. between corners and sides of 
hole. 

As the bit has four corners which extend upward in straight lines from 
the top of bit faces, to the taper at shank, these four corners will hold the 
bit straight in the hole and thus prev^ent the tools from "drifting." 

Now suppose a 6 in. bit was used for drilling an 8 in. hole. By refer- 
ring to table we find that a 6 in. bit has a blade 4"A in. wide with a thick- 
ness of SVq in., while the diameter across corners is only 5/4 in. Thus it 
would be necessary to stove the 6 in bit lA in. on a side, while the space 
between corners and sides of hole would be lii in., this space being so 
great that the tools would have an easy chance to "drift." 

As we have explained the functions performed by the corners of blade, 
it will now be easily understood why oil well drillers prefer extra long bits, 
as the longer the bit, the greater is its ability to guide the tools, thus keep- 
ing the hole straight. 

You will note in the above discussion that the writer refers to corners 
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of blade of bit which must not be confused with corners of cutting end of 
bit referred to under "Bit Dressing,'* as the corner of blade is an entirely 
different part from corner of cutting end, as shown on page 75. 

Now to return to the bit table. You will note that the 5,5^ and 6 in. 
bits are made up with two sizes of blades. The smaller blades of these 
three sizes are for bits which are to be used with very light strings of tools, 
the stems of these light tools not exceeding 3 in. in diameter by 12 or 14 
ft. in length. 

Where easy drilling is encountered, the small bits are very satisfactory, 
but where hard drilling is encountered or difficult formations are met, 
heavier drilling' tools equipped with the thicker bits should be used. 

You will also note, that, beginning with the 55^ in. bits, diflFerent sizes 
of joints for the same size of bit are given. Thus, on bits for drilling a SH 
in. hole, joints either 2 x 3 or 2}^ x 33^ can be used. Also the same size 
joints can be used on 6 in. bits, while as the bits become larger, larger 
joints must be used. Thus on 7 in. bits the joints can be 2x.3, 2}^x3/^ 
or 2l4 x3l4. 

On 7$^ in. bits the joints can be as large as 3 x 4, while on bits 10 in. 
or larger, the joints can be as large as 4 x 5. 

The proper proportioning of joints to be used on drilling tools will be 
more thoroughly discussed later, under ''Diilling Tool Joints." 

By again referring to bit table, it will be noted that two kinds of steel 
are used, namely soft steel on pin end, and tool steel on cutting end. 

Soft steel is used on pin end for the reason that this kind of steel can 
be much more readily cut with lathe tools, thus admitting of the making of 
the best possible threads and smoothest possible shoulders. 

Another reason is that the soft steel does not crystallize so readily as 
tool steel and thus the pins are stronger, and the threads are not nearly so 
brittle. 

There is now being placed on the market by some of the oil well-drill- 
tool manufacturers, bits made of all tool steel which are claimed to be as 
satisfactory as bits made of both soft and tool steel. 

Where the bits are of such size that big pins can be used, that is pins 
3 X 4 or larger, and where the drilling is not above medium hardness, the 
the all steel bits prove very satisfactory, but where the pins are smaller 
than 3x4, or where extremely hard drilling is encountered, the writer em- 
phatically recommends the bits with the soft steel upper end. 

The trouble with the all steel bit is that the steel in pin becomes crys- 
tallized by the constant hammering which it receives, thus becoming brit- 
tle, causing the pin to snap off, or else, what is almost as bad, causing the 
threads of pin to break off in box, so that when the bit is unscrewed the 
threads are stripped. 

The manufacturers of the all steel bits claim that in annealing the pins 
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in order to turn them, the crystallizing tendency is done away with, but 
this the writer has found by experience to be only partly true. 

It will be found that the steel in an annealed pin even though annealed 
in a most careful manner, is not affected to any considerable depth, thus 
leaving the great body of the pin unannealed and in a brittle condition. 

It will also be found that the thin layer of annealed steel will gradually 
return to its former hard state and when this occurs the threads are very 
liable to strip. 

Another disadvantage of the all steel bit is that the threads of pin are 
harder than the threads in box of stem and thus the box threads are soon 
cut out, or else are so altered that a new pin cannot be used in the old box. 

Another trouble shows up when it becomes necessary to fish for an all 
steel bit lost in the hole. This trouble is caused by difficulty experienced 
in making the slips of fishing tool take hold of the collar of bit, due to the 
hardness of the same. However, as it is generally possible to spud around 
a lost bit, thus loosening it up, this latter objection is not so serious. 

While the all steel bit has the several objectionable features outlined 
above, it yet has two advantages, one of which recommends it to the man- 
ufacturer, the other of which recommends it to the drill contractor. 

The advantage to the manufacturer is that the bit can be made cheaper 
owing to the fact that it is not necessary to make a weld. 

The advantage to the drill man is that when the bit becomes too short 
to use, it can be forged down to a smaller size thus lengthening it out to 
proper length. Thus, if a 12 in. bit is being used and becomes too short 
for 12 in. work, it can be forged down to 9H or 10 in. bit, and when it be- 
comes too short for this size it can be drawn down to a 6 or 8 in. and so on. 

However, as an all steel pin of a size smaller than 3 x 4 is a pretty dan- 
gerous proposition and as a 75^ in. hole is the smallest hole in which joints 
3x4 can be used, the advantages to the drill man of all steel bits are to be 
found, if found at all, in bits larger than 75^8 in. 

As stated on page 101, all bits can be broadly classified under two 
heads, namely, Spudding Bits and Rock Bits. 

The Spudding Bit is, as a type, always made in one general style, that 
is, it has a broad, thin blade. 

On the other hand, Rock Bits are made up in several different types to 
meet varying conditions. 

The table on 103 gives the dimensions of bits well proportioned for 
general rock drilling, but as shown on page 61 there are other patterns, 
namely, the Star Bit and Mother Hubbard Bits. Besides the last named, 
there is the Russian pattern, a bit somewhat similar to the regular spudding 
bit and one seldom used. 

There is also the Flat Bit which is made up the same as a Standard Bit 
excepting that it is without water channels. This type of bit was at one 
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time used quite extensively in obstinate formations, it being the opinion of 
drillers that it was less liable to drift in the creviced and shattered rock. It 
was also supposed to be easier to dress. However, tliese bits are now .sel- 
dom used as they w^ll not drill so rapidly as a fluted bit and are found to 
be of no special advantage. 

Other bits of special shape will be discussed under "Fishing Tools and 
Tools for Special Conditions." ' '' 

Bailers. 

Bailers for ordinary water well work are made up of three parts — the 
Bail, the Shell and the Valve. ^^ 

Bail. The bail is usually made of a U shaped piece of round soft steel 
with ends flattened out and rounded, the rounded ends being made to cor- 
respond with the circumference of 'shell, so that they can be riveted to the 
same. 

The flattened ends of bail should be slightly offset and should always 
be placed on inside of shell so that the exterior of bailer will present a per- 
fectly smooth surface, as otherwise the bailer is liable to "hang up" on any 
bump in the pipe or in the hole, resulting in tearing the bail loose from the 
shell, or else parting the sand line. 

On very large bailers it is sometimes the custom to use two bails 
placed at right angles to each other. When this- is done, one bail is placed 
just above the other. The two bails are not only stronger than the single 
bail, but, being placed at right angles to each other, they have the aSded 
advantage of preventing the top of bailer from catching on the bottom of 
pipe, when drawing bailer from the hole. 

Another method of overcoming this catching tendency, when only one 
bail is used, is to cut two V shaped openings in top of bailer shell, one on 
either side of the bail. The large part of V should be at top of shell and 
should be of such size that it reaches to both legs of bail. The length of 
V should be from 5 to 10 in., depending upon diameter of bailer. 

Shell. As a rule, bailer shells are made up of either boiler-flue tubing 
or else of light casing. In figuring the size of a bailer, the diameter is 
measured on outside of shell, while the length is figured according tb the 
length of piece of tubing or casing used. 

Valve. As shown on page 16 two types of valves are used, the ddrt 
valve and the flat valve. For water well work in holes 4 in. or larger 'In 
diameter, the dart valve is to be i)ref erred owing to the fact that it is .self 
dumping. 

The advantage of the flat valve is that it permits the largest possible 
opening in a bailer of given size, but, as in dumping it, it is necessary 
either to set it on a stake or else up-end it, it is somewhat unhandy. 

By referring to cuts of valves, page 16, you wnll note that the piece 
which forms the valve scat is con.structed with an outside shoulder at lower 
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end. It is very necessary that this shoulder be there, as otherwise in 
dumping the bailer, or when it strikes upon the bottom of hole, the full 
force of the blow will fall upon the rivets, which hold the valve in place. 
In this regard the writer would advise that care should be exercised in the 
manner in which a dart valve bailer is dumped. 

In dumping, do not let the end of bailer slam down against the ground, 
or what is worse still, against a piece of plank or big rock, as it will take 
but a few such blows to loosen the rivets and start a leak betw^een the valve 
and shell. This leak will probably not show itself while bailing heavy 
sludge, but when the well is finished and it is desired to test the well by 
bailing, it will be found that the water escapes. This leak not only cuts 
down your bailing capacity, but it makes it very disagreeable on the man 
handling the bailer. 

After a bailer has been in use some time, especially if used in sand 
rock, it will be found that the rivet heads have become worn very thin. 
When this occurs, replace the old rivets with new ones. If the bottom of 
shell has become expanded .so that it does not make a close fit with valve, 
cut off about three inches of the shell. In cutting off use a hack saw or 
else cut off on a lathe. Never attempt to use a cold chisel in cutting off 
and never hammer the end of shell, as both of the above operations will ex- 
pand the shell, making it impossible to prevent the bailer from leaking. 

By again referring to page 16 you will note from cut of dart valve that 
a hole has been drilled through the "dart" near the lower end. This hole 
is placed there, so that the bailer can be used for dumping water in a hole 
which is liable-igi cave. 

In some wholes, the material penetrated is of such caving nature that 
pouring water in from the top will cause the hole to cave badly. Where 
such is the case, the water can be lowered to bottom of hole in the bailer. 

To do this, bolt a small rod or a piece of small pipe a few feet in length 
to dart of bailer so that when the bailer is within a few feet of the bottom 
the valve will be opened. 

The bailer could of course be used without the rod, but in this case it 
would not be completely emptied. 

When it is necessary to use bailer for lowering water, care must be ex- 
ercised both in lowering bailer and withdrawing same, in order to prevent 
the motion of the bailer and bailer line from causing the same trouble it is 
used to prevent. 

Also in running in and drawing out the drilling tools, extra care must 
be taken where caving material is encountered. 

Some drillers lower water by using paper sacks, but this is a slow, 
tedious method and not to be recommended. 

Besides the regular type of bailer described above and the vacuum 
type described on page 17, there are several special types, which though 
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used extensively in oil well work, are seldom used in water well drilling. 

Among these special types may be mentioned the double-end bailer 
which is provided with dart valves at both ends, this bailer being used for 
bailing wells having a strong gas pressure. In using the doubld-end 
bailer, the bailer line is fastened to the dart of top valve, thus preventing 
the water from being blown out by the gas. 

Another type of bailer, is the sectional bailer which is made up of sec- 
tions of pipe, connected together with either flush or coupling joints. 
These bailers are sometimes made up with four or five sections, having a 
total length of 80 to 100 feet, being used for quickly bailing out a well which 
makes considerable water. 

There is also a type of well cleaning tool, which while it cannot be 
classified as a bailer, yet, owing to the fact that it is used for cleaning out 
a well, will be described here. This tool is known as a mud socket and is 
used on the bottom of a light stem or on a set of jars. This tool consists 
of a piece of heavy pipe or tubing welded on to a drilling joint and carry- 
ing, about one foot from the lower end, a flat valve. 

In using the mud socket, the tools are churned up and down as in 
drilling, the mud and cuttings being forced up in the tube, which when 
full, is brought to the surface and dumped. 

Sometimes the mud socket is equipped at its lower end with a thin bit, 
in which case it is known as a combination bit and mud socket. Neither 
of the above tools should be used for drilling, unless the material to be 
penetrated is very soft, as they are designed for cleaning-out work only. 

In figuring the proper size of a bailer to use, two factors must be taken 
into consideration, namely, the diameter of hole and depth of hole. In 
holes of shallow depths, it is the usual custom to use bailers not only of 
shorter lengths, but also of slightly smaller diameters than in the deep 
holes, so that the diameter of bailers is affected by the depth of holes as 
well as by the diameters of same. 

The reason for this is, that in the deep holes quite a bit of time is con- 
sumed in * 'running" the bailer and thus, in order to save time, by making 
it necessary to run it as few times as possible, a bailer having the largest 
diameter, it is safe to use, should be employed. 

It may occur to the reader to ask the question, why if it is possible to 
use a bailer of a given diameter in a deep hole, it is not possible to use the 
same diameter bailer in a shallow hole, of the same size. 

The answer to this is that, as stated on page 93, the various parts of 
a drilling equipment must be in proportion. 

On deep well machines provision is made for handling heavy bailers by 
making the sand reel and all parts connected thereto of sufficient size and 
strength so that a heavy sand line can be used ; also the power used on 
heavy machines is ample for rapidly and satisfactorily handling heavy bailers. 
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iciLon tji* of Cal.le Drill. 
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On the other hand, on the small machines, in order to keep the parts 
in proi)ortion and thus make them work to their best advantage, it is nec- 
essary that a compromise be struck, and the bailer brought down to a size 
commensurate with other parts of drilling outfit. 

In the table which follows it will be noted that the variation in diame- 
ters between bailers used in shallow holes and those used in deep holes is 
not great, yet in practical field work it will be found that the variations, 
though slight, make a very noticeable change in the operation of an outfit. 

Outside Diam. Bailer Inches 

Weijfht of Bailer 10 ft. long. . .Pounds 
Smallest hole to be used in up to 500^ 
Smallest hole to be used in above 500^ 

Outside niam. Bailer Inches 

Weight of Bailer 10 ft. long. . .Pounds 
Smallest hole to be used in up to 500'' 
Smallest hole to be used in above 500^ 

You will note in the above table that the bailers are figured according 
to the smallest hole in which they are to be used, this being the method 
used in figuring all other drilling tools. 

It is of course possible to use a bailer of any given size in a hole larger 
than that for which it is listed, the only objection to this being the slow- 
ness with which a small bailer will clean a large hole. 

On the other hand do not attempt to use bailers in holes smaller than 
those for which they are recommended in the * *greater-than-500 ft. list," 
as in this list the very largest possible bailers for the different .sizes of holes 
are given. . . , . 

In the le.ss-than-500 ft. list the bailers are such .as will h^ found well 
adapted for machines capable of drilling. the different sized hojes. 

Thus a machine which is capable of swinging tools for drilling a 55^ 
in. hole should be able to handle a bailer 4 in. in diameter, while a machine 
capable of swinging tools for drilling a 10 in. 'hole sjhould be able to handle 
a 6 in. bailer. 

The length of bailer also enters largely into consideration, especially on 
the smaller machines where it is necessary to exercise extra care and judg- 
ment in order to provide the outfits with an equipment which will produce 
the greatest results without overloading or overtaxing the machine. 

Some drillers seem to think that by overloading a machine with a tool 
outfit larger than it is designed to carry, they are thereby increasing their 
drilling rate. This is a very much mistaken idea, as a machine crowded to 
its limit, will not only handle the tools in a le.ss satisfactory manner, thus 
cutting down the drilling speed, but, owing to more numerous delays due 
to breakdowns, the actual time of drilling is reduced, 
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The following table gives lengths of bailers well adapted for holes of 
different depths : 

Length of Bailer Depth of Hole 

Feet Feet 

8 to 10 to 250 

10 to 12 250 to 350 

12 to 14 350 to 500 

14 to 16 500 to 750 

16 to 18 750 to 1,000 

18 to 20 1,000 to 2,000 

20 to 25 2,000 to 3,500 

The above figures can be followed closely for bailers up to 7 in. in di- 
ameter, but where the bailers are 7 in. or larger, some drillers prefer to use 
bailers of shorter lengths than those given for holes above 1,000 ft. in depth. 

Thus you will note that for drilling holes 1,000 to 2,000 ft. a bailer 18 
to 20 ft. in length is recommended, but as a large diameter bailer, 18 to 20 
ft. in length, becomes very heavy when filled, drillers often specify that the 
large bailer shall not exceed 16 ft. in length. 

However, for bailers up to 7 in. the table can be accepted as standard. 

What has been said above in regard to lengths of bailers refers to 
standard bailers for regular drill work and does not include sectional bail- 
ers, which as previously referred to, are used for a special purpose. 

You will note in the first bailer table that the weight for bailers of dif- 
ferent diameters are given, the weights being figured for bailers 10 ft. in 
length . 

If it is desired to find out the weight of any given sized bailer of 
greater length, it can be done by adding on to the weight of the 10 ft. 
bailer the weight of the additional shell used. This weight can be found 
by referring to casing table page 36. 

As bailers are listed according to their outside, and not inside diame- 
ters, the "Outside Diameter" column of table must be referred to. 

Thus, to get the weight of a 3^ in. bailer, we run down the column 
until we come to casing having an outside diameter of 3^A in., w^hich casing 
we find has an inside diameter of 3^ in. and weighs 4.6 pounds per foot. 

Now suppose it was desired to figure the weight of a 3^ inch bailer 
20 feet in length. The bailer table shows us that a 3^ inch bailer 10 feet 
long weighs 70 pounds. We have found from casing table that a foot of 
3K inch bailer shell weighs 4.6 pounds which for a 20 foot bailer makes 46 
pounds above the 10 foot weight, or a total weight, for 20 foot bailer, of 
116 pounds. 

You will note in the casing table that casing of the same size is made 
up in different weights. In figuring bailer weights, take the lowest weight 
given, as casing of the lightest weight is always used for bailer purposes. 
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Drilling Tool Joints. 

Ill selecting a set of drilling tools the proper proportioning of joints to 
be used is perhaps as important as any other single item connected with the 
tool equipment. 

As explained under "Auger Stems and Sinker Bars"' also "Drill Bits," 
it is necessary that the sizes of joints used, be made to correspond in size 
with the tools on which they are to be used, but in this dis- 
cussion we will go further and consider the correct proportion- 
ing of the various parts making up the joint proper. 

In the early days of the drilling business, all joints were 
cut "straight." that is the pin had the same diameter for its 
full length. Now, however, it is the almost universal prac- 
tice to use what is known as the taper joint. 

This joint you will note from the accompanying cuts is 
made with the pin larger in diameter at the ba.se than at top. 
This form of joint possesses much greater strength than the 
straight joint, owing to the fact that the base of pin, where 
the greatest strain occurs, can be made with the largest pos- 
sible diameter and yet leave enough metal in the box, inas- 
much as the sides of the box becomes heavier as the top of pin 
is approached. 

The taper joint al.so has other advantages besides the mat- 

aper join . ^^^ ^^ strength, among these advantages being the following : 

It can he more quickly connected and disconnected. 

In case a thread strips, the joint can be unscrewed without 

stripping all of the threads. 

When it is desired to re-thread a joint, whether pin or box. 
it can be done without entirely cutting oft the old joint, it being 
ueces,sary merely to cut back far enough to get below the ba,se of 
threads. 

The taper joint can be set up closer as the threads have a 
wedging action. 

In making up a set of joints, there are several dimensions to 
be taken into consideration and it is only by a careful propor- 
tioning of these various dimen.sions that the test pos.sible joint 
can be made. 

It is, of course, pos.sible to make a joint whicJi will do, in a 
more or less satisfactory maimer, without devoting careful study *'"' ■''""' 
to its theoretical con.sideration or bestowing especial care in its construction, 
but such a joint belongs to the just-as-good class and it will generally 
give to the user the kind of ser\'ice which all counterfeit articles gi\-e. 

Owing to the fact that the making of good joints involves extremely 
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close nieasuremeiits and, as slated above, accurate and intellij^ent proi)or- 
tionin^ of parts, you cannot expect to buy good tools at "cheap" prices. 
The writer does not mean by this that is necessary for you to pay a fancy 
])rice for your string; of tools, as there are now several reputable manufac- 
turers who can furnish you tools at reasonable ])rices, but he wants to warn 
you aj^ainst the liabit of considering^ price rather than quality. 

If, when buying; a drilling outfit, the state of your finances is .such that 
it is necessary for you to figure to the last jKMiny, do your figuring on all 
])arts of the outfit excepting those parts which are to be u.sed in the hole, 
but on them do not take any chances, as a single fishing job, caused by de- 
fective tools, can easily cost you dozens of times the difference 
I in ])rice between a good string of tools and a jast-as-good one. 

In making up a set of joints, the dimensions to be considered 
are : 

Size of Joint. 

Diameter of Pin Collar. 

Diameter of Box Collar. 

Length of Pin Collar. 

Length of Box Collar. 

Length of Pin. 

Depth Box is Bored. 

Number of Threads to Inch and Style of Threads. 

vSize of vSquare. 

Length of Square. 

The "size of joint" of course broadly describes the joint, as all the 
other dimensions should be made to conform to and be in proportion with 
the joints, as they vary in size. Thus when we say a joint is 2 x 3, we 
mean that the ])in is two inches in diameter at top and ^ in. in diameter at 
base and that all other j)arts entering into the making of a J x ^ joint are in 
])roportion. 

Howe\er, as there are a large number of concerns making drilling tools 
and as all of these various concerns do not make joints with exactly the 
same proportions, it is a good plan for a driller to carefully study the joint 
problem so that he will he in a position to decide intelligently whether or 
not the joints on the tools which he is figuring on purchasing are correctly 
constructed. 

As stated iiboNc, nearl\- all joints are made on a ta])er. and, as each 
drill tool manufacturer uses his own style of ta])er, it is very rarely that it 
is ])ossi])le to get joints made by different manufacturers which will fit to- 
gether, e\en though the ".sizes of joints" are the same. 

That is, a 2\^ joint made by one concern will not fit a Jx.^ joint made 
by another concern. It is ver\' unfortunate that such a condition exi.sts, as 
it would make it nnich more con\enient for the drill men if all manufactur- 
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ers made joints exactly alike, hut as there are now in use so many different 
styles of joints it would he impractical to attempt to standardize and make 
all joints the same. 

In order to insure against hadly fitting joints, all of your tools should 
he purchased from one manufacturer as any reliahle manufacturer has tem- 
l^lates for the different sizes of joints which he sells and thus it is possible 
for him to make all joints of each particular kind, of exactly the same size. 

If, however, it is not convenient for you to purchase the additional 
tools from the same manufacturer from whom you purchased your first tools, 
then you should have the manufacturer who sold the tools, furnish you with 
templates of the joints, which templates will enable the second manufac- 
turer to make an absolutely accurate fit. 

While the templates will cost quite a bit. the price ranging from $10.1)0 
to $20.00, depending upon size of joint, they will prove a profitable invest- 
ment in the long run. 

Of course, if all of your tools can be purchased from the same manu- 
facturer, the templates will not be needed, as each manufacturer keeps a 
close record of all tools which he sells and is thus able to replace them with 
exact duplicates. 

By referring to table on page 1 ](> you will note that the diameters of 
box collars are slightly greater than the diameters of pin collars, for the 
joints of different sizes. 

The collars are thus constructed not only for the purpose of making the 
box stronger, but also for the purpose of preventing the edge of shoulder 
of pin from becoming burred. 

When the pin collar is the same diameter as the box collar, the drag- 
ging of the tools inside of the drive pipe and against the hard rock walls, 
will cause the edges of shoulders to slightl}' burr. I'nless this burr is care- 
fully removed each time the joints are set, it is very liable to cause trouble, 
owing to the fact that the burred edge will come against the shoulder of 
box, an action which will not only scratch and cut the box shoulder but 
will also pre\*ent the pin and box shoulders from being drawn flat against 
each other so that the joint is very liable to become unscrewed in the hole. 

It is the usual custom to bevel the edge of l)ox collar so that the edge 
of bevel comes even with the edge of })in collar. In making this bevel a 
tool with a rounding cutting edge is used so that the cut or bevel is concave, 
that is, it is in the shape of what carpenters call an "o g" cut. 

It is also the custom to slightly bevel the t^d^ii of pin collar. This bevel 
on pin collar, except for the large joints, should be slight, all that is needed 
being the edge a little rounded to ]>re\'ent the occurrence of a "wire edge" 
which when present is liable to roll up. 

Again referring to table you will note that the length of box collar is 
greater than the length of pin collar. A joint is so constructed for the rea- 
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son that a box is bored about 1 in. deeper than the pin is long and thus the 
box collar must be somewhat longer than the pin collar in order to prevent 
the joint from being weakened at base of box collar, in case it becomes nec- 
essary to re-cut an entirely new^ box. 

The lengths of collars given in the table are for drilling tools proper 
and do not apply to fishing tools and tools for special conditions. While 
such tools as spears, spuds, reamers, s wedges and fishing tools of similar na- 
ture should have pin collars of approximately the same lengths as those 
given in table, still such tools as combination sockets, slip sockets, etc. , are 
usually made with the collars somewhat shorter than shown in table. 
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You will note from table the depths of boxes of different sizes, the extra 
length of box over pin being provided, in order to furnish ample space above 
the pin in case it is desired to leave the "center" on end of pin, and also in 
order to make it easier in the cleaning of the box. 

By again referring to table you will note that the lengths of pins of dif- 
ferent sizes are given. These dimensions are given merely for the purpose 
of making it possible for you to note the ratio which should exist between 
the length of a pin of any given size and the balance of the parts making up 
the joint. In actual practice it will be found that the lengths of pins vary 
soniew^hat from the figures given, the variation, however, as a rule, not 
amounting to over an eighth of an inch one way or the other. 

When drillers first began using taper joints, the manufacturers at- 
tempted to make the joints according to tables. That is, the pin was cut a 
certain length, then turned to a certain diameter at base, then tapered off to 
a certain diameter at end. 
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It was supposed by these first manufacturers, and the supposition seems 
reasonable, that by having a table showing the length and the two diameters 
of all different sizes of pins, it would be possible to make joints which would 
be exact duplicates. It has been found, however, that the above method 
cannot be relied upon, the reason of this being that in order to produce a 
satisfactorily fitting joint, the measurements must be made with a degree of 
accuracy almost impossible to reach by relying upon measurements taken as 
above. 

The present practice in turning a pin or box is to rely upon three di- 
mensions, namely, the diameter at base of pin, the degree of taper, and the 
length of pin. The first two — the diameter at base, and the degree of taper 
are the main dimensions and must be absolutely correct. The length of pin 
can, however, have a comparatively wide range, it being possible for it to 
be as much as an eighth of an inch over-length or one-quarter or even one- 
half of an inch under- length, without seriously affecting the strength or fit 
of joint. 

By degree of taper of a joint is meant the angle which a line drawn 
parallel with the outer edge of pin, would make with a line drawn perpen- 
dicular to the pin shoulder or what would amount to the same thing, the 
angle between a line drawn parallel with the outer edge of pin and a line 
drawn through center of pin. 

In expressing the degree of taper, two methods are employed, one being 
to state it as the number of degrees and minutes of the angle, the other 
being to state it as the number of inches of taper per foot of length. 

Some manufacturers prefer one method and some prefer the other, and 
while the writer believes confusion would be avoided by having all use the 
.same standard of measurement, still, if the manufacturer will explain which 
method he uses there is not much excuse for error. 

In order to turn a pin or box accurately, it is absolutely necessary that 
the lathe, on which the work is done, be fitted with a taper attachment and 
thus the turning of a joint should never be entrusted to ordinary machine 
shops which are not fitted for the business. 

In fact, the turning of a good joint is such a particular piece of work 
that it is not good policy to allow any but experienced joint turners to 
handle the job unless you are so situated that the .sending of the joint to be 
turned to the factory will involve a costly delay. Under such circumstances 
you would probably be justified in taking a chance, but the writer would 
impress upon you that it is taking a chance. 

By again referring to joint table, it will be noted that the number and 
style of thread varies on joints of different sizes. On joints of a size up to 
and including 2}^ x 3}^ the threads are usually cut 8 to the inch and are 
what are know^n as '*sharp" or "V" threads. On joints larger than 2J^ x 
3J^ the threads should run 7 to the inch and should be made '*flat." That 



118 THE CYCLONE DRILL CO. 

is, instead of the thread coming to a sharp edge, as in the "sharp" or "V" 
thread, the top and bottom of threads are cut flat. 

From the cut shown on page llv5 you will note that the threads do not 
come clear to base of pin, the pin being cut straight for a distance of from 
^ to 5^8 inch, depending upon size of joint, up from the shoulder. This 
form of construtcion is used in order to prevent weakening of the pin. 

Where the pin is tapered full length and the threads begin right at 
shoulder, the pin is much weakened, owing to the fact that the cutting of 
the bottom threads notches the pin at the point where the greatest strain 
occurs, thus making it easy for a break to start. 

In setting up a joint it will be found that sometimes a small amount of 
metal dust or other foreign matter will be forced from between the male 
and female threads, out onto the pin shoulder, just at base of pin. If this 
foreign matter is allowed to remain and the joint set up, it may cause 
trouble owing to the fact that it will interpose a film between the two joint 
shoulders, which film will have a tendency to cause the joint to loosen. 

In order to take care of the small amount of foreign matter mentioned 
above, it is now the usual practice to cut a "settling groove" at base of pin. 
This groove will of course vary in size on joints of different sizes, but as an 
average it should be about ;':: to rV deep and about Is to r'., wide. By plac- 
ing the grove ju.st at base of pin, it will provide space to take care of the 
small amount of dirt squeezed from between the box and pin, thus prevent- 
ing the dirt from being forced out onto the pin shoulder where it is liable to 
prove harmful. 

In cutting the groove care must be exercised to see that it is cut on a 
radius, for should it be cut straight down to base of pin the strength of pin 
will be con.siderably decreased, for the reason that a square cut or an acute- 
ly angular one will provide a chance for a break to start. 

By turning again to the table, you will note that the size of square and 
also the length of .square, for joints of different sizes, are given. The di- 
mensions shown are what have been ])roven best by experience and it will 
be found that all reputable drilling-tool manufacturers use approximately 
the same dimen.sions. 

You will note that as the joints become larger, the squares are made 
both larger and longer. This is necessary on account of the fact that the 
larger the joint the greater the })ower required to set it up and thus the 
scjuares nuist be of such size that they will stand the strain thrown upon 
them and of such length that they will accomodate wrenches of proper size. 

In making tool wrenches the\' are usually made from |V; to l/^ of an inch 
larger than the stjuares and their width sliould be in proportion to the .size 
of square over which the>' are used, for should the wrenches be too narrow, 
the edges of scjuares will crum})le and become rounded under the heavy 
strain thrown upon them. 
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It will be foiiiid that the lengths of squares fi)r joints iif different sizes 
are somewhat greater than the widths of wrenches used. This extra length 
of square is provided so that tlie wrenchts will not t-ranip on the sniiare. 

Voii will note from the cuts on piige I t that in setting np joints, one of 
the wrenches goes over the square at an angle and thus the square nuist be 
quite a little longer than the width of wrench or otherwise the wrench will 
bind. 

The squares can of course be made longer than shown in table, es- 
pecially the sf[Uares on stems and bits, without interfering with their projier 
performance, but in case there is any variation from the the figures given, 
the variation should l)e alwve and not Iwlow the standard. 

In making the pin square on drilling jars some maiuifactnrers make 
simply a half sqnare, that is, instead of making; four sides to the sipiare the 
square is just flattened on two sides. This is had practice as it often makes 
it very inconvenient in setting the rojie socket onto the jars, owing to the 
fact that some types of rope sockets are not prc)vided with four-si<led 
squares. Thus, when purchasing jars you should ,s]<ecify that the squares, 
especially the top one, should t>e four-,sided. 

Yon will note in la.st colnnin <)f joint table, the smallest holes in which 
the joints of different si/.es should l>e used. There are two main reasons for 
limiting the si/e of joints. First: — When joints are loo large the collars 
will be of such si/e that lhe\' will <lrag in 
the hole, and, Secoud:^\Vhen the joints 
are of such .st/e that the collars fill the hole 
too closely it makes it a hard matter to re- 
cover lost tools, owing to the fact that 
there is not sufficient si>ace around thi-m to 
pro])erly ojierale the fishing tools. 

As 1ms already l>een staled, llicre are 

many different styles and sizes <if joints 

now in u,se, and. as drillers often desire to 

use a tool having one kind of joint on a 

string of tools having joints of different 

kin<l. the drill-tool mainifacturers make a 

tool or part known as a substitute which 

Substitute for consi.sts .)f a pin of one kind or .si/e wel.k-d Mil.siiiutc f.,r 

coinicctiii« „„t„ ;, I,,,:,; of another kind or siw. .oniierUuK I'iiH' 

Drillini; tools. ,- i ■■.  i i  ,,  I" liriilhii; u«ils 

^ SubslLtules, as a ride are about J'^ lo " 

4 feet long, depending n\mi\ si/.e of joints and are made either forcounecling 
together joints of different sizes or for comiectiiig staixlanl ])ipe to drilling 
tools. Pins and Ixjxes are also made up with liooks and with eyes, these 
sfiecial forms of joints being used in connection with different parts of reg- 
ular tool equipment for handling ca.sing, drive pipe and other siHrcial work. 
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Solid Hook with Swivel Hook with Box with Swivel. Box with Eye. 



Before leaving the subject of Drilling Tool Joints, it will be well to add 
some further infor illation regarding "Templates," referred to on page 115. 

Complete box and pin templates consist of a pin, a box and a finger 
gauge. The pin of template is made the same length as pin on drilling 
tools, but the box of template is made from one-half to three-quarters of an 
inch shorter than the pin. The box is made .shorter in order to make it 
more convenient in facing off the shoulder of pin which is being turned, and 
on which the box is being fitted. The finger gauge i.s of such width that 
the length of box pins the width of gauge just equals the length of pin. 

As already .stated each manufacturer has particular kinds and .sizes of 
joints, which he uses on tools of different si/.es and thus, in order to avoid 
confusion, each template which he furnishes is marked with such dimensions 
as will define it. Not only are dimensions given, but it is also marked with 
the manufacturer's name or initials, so that in case of donbt he can be com- 
municated with. Thus a template should he marked : 
2x3 
H'-IH' 
8-Sharp 
Cyclone 
the meaning of the above being that the joint is 2 x. 1. on a taper of 8°. 18', 
with S sharp threads to the inch and made b>' the Cyclone Prill Co. 
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PART IV. 
Fishing Tools and Tools for Special Conditions. 

It is impossible for a driller to anticipate all of the conditions which 
will be met in the drilling of a hole. It is also impossible for him to always 
detect the beginning of a break in drilling tools. 

While good head work and close attention to details will reduce in a 
wonderful degree the chances for trouble, still, until that happy day ar- 
rives, when a man's foresight equals his hindsight, trouble in greater or less 
amounts can be looked for and thus it is well to be prepared beforehand for 
meeting it. 

It is not meant, *'by being prepared," that the driller should be pro- 
vided with all kinds of fishing tools, but that he should be familiar with the 
different tools used for handling trouble of various kinds, so that he will 
know just how to go about the w^ork. 

Not only is it necessary that he know what to do, but he should also 
know what not to do, as it has been the writer's experience that many fish- 
ing jobs, which in the beginning were quite simple, have been very greatly 
complicated by lack of intelligent handling at the start. 

In order that a driller can go about a fishing job intelligently, it is nec- 
essary for him to know the measurements of the various parts making up 
his drill-tool equipment, or as drillers w^ould say his * 'string of tools." 
Thus, to be alw^ays on the safe side, a driller should carefully measure his 
string of tools as soon as he receives the same from the manufacturer and 
should jot down these various dimensions so that they wall always be 
available. 

Do not put off the securing of this information expecting to get it 
* 'sometime" as this "sometime" will probably find you with your tools 
"down in the hole" and you "up in the air." 

The following dimensions should be secured : 

Length of Rope Socket. 

Outside Diameter of Top of Rope Socket. 

Diameter of Hole in Top of Socket. 

Diameter of Jars. 

Length of Jars when closed. 

Length of Stroke of Jars. 

Diameter of Stem. 

Length of Stem. 

Length of Bit. 

Width of Bit Blade. 

Thickness of Bit Blade. 

Size of Joints used on Tools. 



122 THE CYCLONE DRILL CO. 

Diameter of Pin Collar. 
Diameter of Box Collar. 
Length of Bailer. 
Outside Diameter of Bailer. 

While it is almost impossible to specify each and ever\' kind of a fishing 
job that can arise, nevertheless, nearly all fishing jobs that have to do with 
the drilling tools proper, can be covered by the following classifications : 

Cable Breaks, or as drillers say, "Cable Parts." 

Rope Pulls Out of Socket. 

Joint Came l^nscrewed. 

Jars Break. 

Stem Breaks. 

Bit Breaks. 

Something Falls in on Top of Tools locking the Jars. 

Something Falls in Hole, fa.stening the Tools below Jars. 

Tools become stuck in bottom of hole. 

Tools become stuck in pipe. 

Gravel runs in hole under Drive Pipe. 

Top of bed rock spalls off. 

Bailer becomes lost in hole. 

Something falls in on top of Bailer. 

Valve pulls out of Bailer. 

Besides the above troubles, a drill man is sometimes called upon to 
handle other unusual conditions, among the most common of these being 
the following : 

Taking kinks and crooks out of pipe. 
Recovering pump pipe lost in hole. 
Straightening a hole. 
Reaming a hole. 

Other special work to be met with is : 

Pulling drive pipe. 
Re-ca.sing a hole. 
Pulling ca.sing. 

Before beginning the individual instructions for each particular class of 
fishing job referred to in the foregoing table, the following instructions, 
covering fishing jobs in general, should he considered : 

Never exi)eriment in the hole ; if any experimenting has to l)e done, 
do it on top of the ground. 

Never run a tool in the hole unless you are convinced that it is the 
proper tool to use. 

Do not get excited, as fishing jobs require the exercise of a driller's 
best judgment. 
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In running a fishing tool always use a set of jars above the tool. 
When the lost tools are so fastened that hard driving will be required to 
loosen them, use a stem or sinker bar above the jars and if extra hard driv- 
ing W'ill be required, use a set of long-stroke jars which are made especially 
for fishing jobs. 

The advantage of the long-stroke jars lies in the fact that a much 
heavier blow can be delivered, inasmuch as the full swing of the tools can 
be utilized. 

Another advantage and a very important one is, that with the long 
.stroke it is possible to get an up-jar without getting a down-jar. That is, 
the stroke of the long-.stroke jars is of sufficient length to allow a full 

swing of the tools without the jars hitting on the down stroke. 
This is not of such great importance when a light stem is 
used above the jars but when you are driving w-ith a heavy 
stem it is very necessary to prevent the jars from hitting on 
the dow-n stroke, as the down-jar will almost invariably loosen 
the .slips besides being very liable to break them. 

Fishing or long-stroke jars are made with lengths of 
.stroke ranging from 8 to 24 in. for the .small sizes, up to 36 
in., for the large.st sizes. 

Cable Breaks. 

When a cable parts in the hole there are, broadly .speak- 
ing, two courses to pursue, the course to be recommended de- 
pending upon whether the tools were working freely when the 
break occurred, or whether they were fa.st in the hole. 

If the tools were working freely and you are sure that 
the break was not occa.sioned by something falling in on tools 
or the tools becoming fa.st in the bottom of hole, then the 
proper tool to u.se is a Rope Spear. 

The only tools needed for this kind of job are rope .socket, 
set of jars and rope spear. Some drillers do not even u.se the 
jars, using only the rope .socket and spear, but this the writer 
does not reconnnend, especially if the tools lost in the hole are 
not provided with jars. 

To use rope spear, screw it onto bottom of jars and lower 
it carefully into hole, allowing the .spear to force its way down 
througli the rope which will be curled up in hole. 

If the spear is u.sed in a hole having a diameter 1 in. or 
more, greater than diameter of joint collar on spear, rope» 
should be wrapped around square of spear until the outside diameter of 
wrapped rope conies within about 1 in. of diameter of hole. 




koiK- Spear 
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Two types of Traction machines, a Steam Traction ami a Gassline Tractioi 
at work drilling blast holes in stocie quarry. 
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For this purpose a rope from 1 l^i in., to ll4 in. in diameter should be 
used, it being fastened by nailing the layers together. 

The reason for wrapping the spear is to provide a collar which will 
force the parted cable ahead of top of spear, thus crowding the cable around 
the spear prongs so as to give them a chance to take hold. 

After the spear has been forced far enough to insure that the parted 
cable is well tangled around the spear prongs, hoist the tools very slowly 
until the tension on the hoisting cable shows that the spear has taken firm 
hold, when the tools can be hoisted out of hole. 

If the hole exceeds 500 or 600 feet in depth, it is a pretty good plan to 
fill it with water for a distance of 100 feet so that in case the tools break 
loose while hoisting them, the water will serve as a cushion, thus prevent- 
ing them from striking the bottom of hole with destructive force. 

In this respect we might add that on all fishing jobs, in 
holes deeper than 500 or 600 feet, it is well to take the precau- 
tion of pouring water in the hole, as it sometimes happens that 
the hold of fishing tools gives away allowing the tools to fall 
to bottom, and thus causing a much meaner fishing job than 
the one started with. 

The amount of water to be used varies from 100 to 300 
feet, but even on the very deepest holes do not use over 300 to 
350 feet as the cushioning effect seems to be due to tools strik- 
ing the water, which momentarily slows them up, after which 
they again pick up momentum almost as rapidly as if the 
water was not present. 

In using water do not pour it in the hole until after the 
tools have been started up, as the presence of water around a 
set of tools adds to the difficulty of a fishing job. 

Now to return to the fishing job. 

If the parting of the cable has been caused by the tools 
sticking in the hole and you are not sure whether or not the 
jars on lost tools will work, or if the sticking of the tools is 
due to something falling in hole locking the jars, then the rope 
spear is not the tool to use, as it will be necessary to take hold 
of the lost tools so that they can be jarred loose. 

As a rope spear works by catching the cable, thus leaving 
a greater or less length of the cable between the spear and 
rope socket of lost tools, the only strain which can be brought 
upon the lost tools is a direct pull and as this is not very ef- 
fective, you stand a chance of leaving not only the drilling 
tools in the hole, but the fishing tools as well. 

The first step to take is to get rid of the cable in the hole. 

Tliis can be done by use of the hook- rope knife and the rope chopper. 



Rope Knife. 
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The rope knife should be used first as it is best to remove as much rope 
as possible before the rope chopper is called into play. 

There are two ways in which the knife can be operated, one being to 
o|)erate it on the end of a line of pi]^ or sucker rods, the other being to op- 
erate it on the end of sand line. 

If the hole is not of great depth, the pipe will prove more satisfactory 
as your control of the tools is much better. 

When pipe is to be used, attach the ro|^ knife to the sucker- rod jars 
and then screw the pipe on above the jars. Lower the knife into the hole 

until it comes in contact with the parted cable, then twist the 
pipe until the hook on knife catches. Now raise the tools so 
as to see whether or not the hook has taken firm hold and if 
so, take a pull on the pipe until the rope is cut in two. 

It may be that the rope cannot be cut by a straight pull, 

and if such is the case, it will be necessary to operate the jars. 

This can be done by using the .spudder on the machine, 

it being necessary, however, to set the spudder on the shortest 

.stroke. 

In most cases, where the parted cable is not above 1^8 in. 
in diameter, and where the hook of knife is kept properly 
sharpened, a straight pull w411 generally do the business. 
The pull can be most easily applied by using the power of the 
machine, but care must be exerci.sed to see that too great a 
strain is not applied as the hold of hook will be torn loo.se, the 
hook simply .scraping along the rope without cutting it. 

After a section of the rope has been cut loose, the tools 
should be pulled from the hole and the piece of cut rope re- 
moved. 

Generally this piece will come up with the knife, but if 
not, it should be fished for until recovered, for should the rope 
be left, to be brought up with the next piece cut off, it may 
result in trouble as an attempt to remove a large amount 
of rope at one time may result in plugging the hole. 

For this reason it is best not to push the knife too far into 

the rope at a time, as a piece of rope may be cut loose of such 

length that it will be troublesome to remove. 

Continue cutting pieces from the ro])e and removing same until the 

rope becomes .so short that the knife will not take hold, when the chop])er 

should be u.sed. 

In case the rope knife is used on sand line, the tools to use are roj)e 
knife, sucker- rod jars and sinker rod, the knife being screwed to bottom of 
jars and the sinker rod on top of jars, the sand line then being fa.stened 
through eye at top of rod. 



Sucker Rod 
Jars. 
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Ihe sinker rod is added to give weight enough to force the knife 
through the tangled rope, also for the purpose of providing sufficient weight 
above the jars in case it is necessary to drive up with them. 

As the handling of the knife on the sand line involves 
practically the same operations as with the pipe, its use will 
not be further discussed. 

As it is hardly ever possible with a hook rope knife to cut 
the rope off smooth at the top of rope socket and as it is nec- 
essary to have the top of socket clean in order to use a fishing 
socket on top of it, some tool must now be used which will re- 
move the small amount of rope left in hole. 

If the hole is a shallow one, not over 2()() or .^00 feet in 
depth and not over 6 inches in diameter, a home-made tool can 
be used which w411 answer for this purpose very well. This 
tool can be used on the bottom of a line of ?^ inch pipe and 
should be made in the form of a short, sharp bit with the cut- 
ting edge about 1)4 to 3 inches long. 

The total length of bit should not be over 6 inches as a 
longer bit is liable to snap off in the hole. 

In making the bit, use good grade of wrought iron, bend- 
ing over, stoving up, and welding the upper end to proper 
shape and size so that it can be threaded to fit a standard ^ in. 
coupling. 

A piece of steel welded on the lower end will make a 
somewhat better cutting edge than the wrought iron alone, 
but unless the blacksmith making the weld is competent to do 
a good job, it is better to leave off the steel, as a piece poorly 
welded is liable to come off in the hole. Never make a bit of 
all steel as this is liable to snap off just below the coupling. 

In operating the tool it should be lowered until it touches 
top of rope socket, and then carefully churned up and down 
until the rope has been cut away, so that top of socket is 
clean. In cutting, use short strokes and do not allow the tool 
to strike top of socket with much force, as this will cut the 
socket and may result in spreading it so that the fishing socket 
will not pass over it readily. 

After the rope has been severed, the pipe tools should be 
removed and the remaining rope pulled from the hole, either 
with a hook made for the purpose or with a regular rope 
spear. "^'"^"^ *'"^*- 

If the hole is of such size or depth that the pipe tools cannot be easily 
and safely handled, then it will be necessary to use a rope chopper. 

This tool is worked on the bottom of a set of drill jars, the chopping 
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action being obtained by chuniing the tools up and down. Von will note 
from the cut, the construction of the tool. 

As the rope chopper chops the rope into fragments, it is necessary to 
clean the hole frequently. For cleaning purposes, a small spear having 

several wings proves very satisfactory. If it is not possible 

to have this kind of spear, the hole can be cleaned by the 
use of an ordinary bailer. 

A bailer having a flat vahe will pro\-e more satisfac- 
tory than one with a dart valve. In fact, a tool called a 
"Mouse Trap," which i.s simply a heavy bailer, screwed 
onto a drilling joint, the bailer having screwed onto its 
lower end a circular steel cutting edge carrying a flat valve, 
is often used, not only for bailing ont chopped-up rope, bnt 
also for cutting it up as well. 

To fill the bailer as full as possible, it is necessary that 
it be pumped as explained on page 57, and it is also neces- 
sary that the hole be filled with water up above the point 
where the chopping is being done. 

In dumping the bailer it will be neces.sary to force the 
rope out of top by pushing a rod up through from the 
bottom. 

After having chopped up the rope and removed all of 
the rope fragments and cuttings down to top of rope socket, 
owing to the fact that the chopping and bailing operations 
will have forced quite a quantity of the rope cuttings down 
around the top of rope socket, it will be necessary to re- 
move part of these cuttings in order to provide space for the 
fishing socket to slip down over top of rope socket. 

On shallow holes this can be done by using a home- 
Kopt Chopper. made tool on the bottom of a line of ^ inch pipe. This 
tool should be made something on the order of the spud 
shown on page IJ^. For holes up to b inches in diameter, the blade of 
home-made spud should be made of good grade bar iron, '■A inch thick by 
■1 inches wide. For holes larger than inches the blade should be thicker 
and wider, but where the spud is made larger it will be neces.sary to use it 
on the bottom of pipe larger than the -^ inch pipe recommended above. 

In using the spud it should be lowered until it strikes top of rope 
socket, then slowly churned up and down and nio\-ed around until it begins 
to pass down around the socket. As the spud goes down move it around. 
,so that the .socket is cleaned on all sides. 

In running spud use shortest stroke and run .slowly so that the -spud 
will not become jammed between the tools and side of hole. If it is possi- 
ble to do so, run the spud until the cuttings have been cleaned out down 
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below the middle of jars, so that the jars will work when the 
tools are finally caught by the fishing tool. 

You will be able to tell how far it is possible to run the spud 
by figuring the thickness of spud and the space between joints on 
tools and side of hole. It may be that the tools have become 
pushed over to one side, thus crowding them up against the wall, 
and where this is the case, it will be necessary to clean out 
around the open side first, after which, the spud can be driven 
down on the other side, thus forcing the tools over to center and 
affording a space for using the spud on the opposite side. 

As the blade of a home-made spud should not be over 3^ to 
4 feet long, it will not be possible to reach much past the center 
of jars, but this is sufficient, if the only material surrounding the 
tools is rope choppings and light cuttings. It there is anything 
else holding the tools, it will be necessary to handle the job in a 
different manner, and this will be more thoroughly di.scussed 
under the heading "Something Falls on Top of Tools, Locking 
the Jars." 

As the cuttings are loosened from around the tools they 
should be bailed out and in order to do this, it will, of course, be 
necessary to keep a few feet of water above the tools. 

If the hole is of such size or depth that a home-made spud 
cannot be used then a regular drilling-tool spud should be em- 
ployed. 

In using this tool it is screwed onto the bottom of a set of 
jars with stem above. Sometimes a light stem is iLsed between 
jars and spud, but when this is done, a heavier stem should be 
used above. 

In running a spud the cable is so let out that the jars strike 
on both the up and down strokes. It is necessary to get both 
the up and down jar in order to prevent the spud from sticking 
and also for the purpose of keeping the cuttings from settling. 

In running, use short strokes unless heavy driving is re- 
quired, in which case the stroke can be lengthened out. A care- 
ful "feel" should be kept on the drilling cable at all times to see 
whether or not the jars are working and at first sign of the jars 
locking the spud .should be driven up and a new start made. 

You will note from the cut, that the blade of spud is set 
over to one side of center and as long as the blade maintains this 
relative position in regard to the pin, the jars should not lock, 
but as it sometimes happens that the blade Incomes bent or 
kinked, thus forcing the jars against side of hole, care must be 
exercised to see that the tools are not thrown sufficiently out 
of line to prevent the jars from closing on the down stroke. 
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Not only is the lockiag of the jars a dangerous condition in itself, but 
as it is necessary, in order to lock them, to throw the tools out of line, it 
thus throws an unsafe strain on the jars owing to the twisting action present. 
After having cleaned around the tools as far as possible, with spud, bail 
out all water down to top of rope socket. This will not only remove the 
cuttings, but in case the tools are firmly fastened it will admit of much 
heavier up-driving owing to the fact that the presence of water above a set 
of fishing tools deadens the force of blow delivered by them. Of course, if 
the hole makes water in any amount it will be impossible to bail it dry, but 
as much water as possible should be removed. 

You are now ready to make a try for the lost tools. 

The fishing tool to use is a combination 
socket, fitted with sets of slips for catching top 
of rope socket. The accompanying cuts show 
the appearance and construction of combina- 
tion socket. 

You will note from the cross-sectiou cut, 
that the lower end of hole in socket, where the 
slips work, is made with a backward sloping 
taper, which conforms to the taper on back of 
slips. You will also note that a coil spring is 
carried above slips, this .spring being for the 
purpose of holding the slips firmly in place 
while the socket is being lowered into the 
hole, also for forcing the slips down around 
the tool it is desired to catch. 

Although the cut does not show it, the 
slips are made in three parts, this form of con- 
struction being nsed in order that the slips 
may work freely. As a rule, the upper end 
of slips have a groove cut around them on the 
inside, and in this groove a spring-tempered 
wire ring is carried, the ring being of .such size 
that the slips are held firmly against the bevel 

Combination ^° '^''"t ^^^ ^''I"* ^^^ "°^ displaced WhilC being srction of 

Sockrl set over the lost tool. Comhinalion 

By again referring to cut you will note 
that the bowl of socket is screwed onto the upper part, or pin end, with 
straight threads. The socket is thus made so that it will be easy to place 
the slips in the bowl, also in order to make it easy to loosen the slips from 
the tool the .socket has been u.sed to catch. What is meant by this, is to 
loasen the slips after the lost tools have been brought to the surface. This 
will be discussed later. 
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A special wrench called a combination-socket wrench is made for set- 
ting up the joint at the bowl, but unless a very heavy stem is to be used 
above the jars, the special wrench is not needed, it being possible to set up 
the joint sufficiently tight with a pair of heavy chain tongs. 

In using a combination socket it should always be placed below a set 
of jars, and if the tools in the hole are liable to be firmly fastened, a stem 
should be used above the jars. Where it has been necessary to chop up the 
rope, it is best to use a stem above jars, as the lost tools will probably have 
more or less cuttings and sediment around them which may make it hard 
to start the tools. 

The size of stem to be used above jars depends upon the size of string 
of tools in the hole. As a rule, the stem above the jars should be about 
the same size as the stem on lost tools, unless extremely heavy driving will 
be required, in which case, the stem used for fishing should be of greater 
weight. In the oil fields they say '*It doesn't pay to send a boy to mill,'' 
meaning that it doesn't pay to use a light fishing outfit where a big one is 
needed. 

In lowering fishing tools in the hole, let them down carefully and when 
near the top of lost tools go very slowly so that the combination socket will 
not be jammed onto the tools. Should the fishing tools strike heavily on 
top of rope socket, it is very liable to break the slips. 

After the combination socket has been seated on top of rope socket, let 
slack into the cable until the full weight of combination socket and lower 
part of the jars rests upon top of rope socket, this weight being sufficient to 
compress the spring in combination socket thus allowing the rope socket to 
pass up into the bowl of fishing socket. If the upper end of rope socket 
has been battered so that it is quite a bit over-size, it may be necessary to 
let more slack into the cable so that the combined weights of the full string 
of fishing tools can be used. If this does not result in forcing the socket 
down, use light down-jar blows. In jarring down care must be .taken to 
use very light blows in order not to disarrange the slips. If the top of rope 
socket is not much battered or if no large obstacle is in the way, it should 
be possible to seat the fishing socket by this light driving, as the lower edge 
of fishing socket is inwardly beveled so that in driving, the rope socket will 
be forced upward. 

If you find that the use of light blows does not have any effect, hoist 
the string of fishing tools and examine bottom of combination socket. If 
the bottom shows that the top of rope socket is not much larger than the 
hole in fishing socket, remove the slips, spring plate and spring from socket 
and again lower the tools in the hole, and try using a heavier down jar to 
force the bowl over rope soket. While it is possible to use heavier blows, 
after the slips have been removed than before, do not, however, drive with 
a long stroke as severe driving may result in cutting out the bottom of bowl 
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so that the slips will not fit. If you succeed in forcing the socket up into 
bowl, hoist the fishing tools, replace the slips and again lower the tools. 
You should now be able, by the us^ of light blows, to seat the fishing tool 
over the rope socket. 

After the fishing socket has been driven dowm, throw the hoist in gear 
and take a hard, steady pull on the tools. This is for the purpose of see- 
ing whether or not the slips have taken hold. If they have, the pull will 
also tend to set them up tighter. 

Now let slack in cable, place cable over the spudder or clamp it in 
temper screw, depending on depth of well, and so adjust the slack that the 
jars hit only on the up stroke. Begin by using light driving blows and 
continue using the light blows for some time. You can tell when the tools 
begin to start up, as the jars will hit on the down stroke as soon as the tools 
have been lifted a few inches. 

As soon as you feel the down jar, take up the slack in cable, taking it 
up just fast enough to keep aw^ay from the down -jar. 

After having driven up the tools for a distance of two or three feet, 
they should be loose enough to pull by a straight pull. 

If the tools refuse to start by light driving, speed up the engine, which 
will result in much heavier blows. If the hole is of such depth that the 
spudder is being used, reverse the motion of spudder, thus obtaining the 
heaviest possible up jar as explained on pages 23 and 24. 

If the tools start up and then reach a point where they seem to stick, 
slow up the engine, let sufficient slack into the cable so that the jars hit 
only on the down stroke and then drive the tools back to the point from 
which they started. 

Now take up slack and again drive up on the tools. It will be found 
that by repeating these operations the tools will be driven up a little further 
each time and will at last reach a point where they can be driven up and 
finally loosened. 

The above method applies where the tools are fastened by sand, gravel, 
rock cuttings or matter of similar nature, as in driving up the tools w^hen 
surrounded by such substances, the material tends to wedge between the 
tools and the sides of hole. 

When such wedging action occurs it can best be handled by backing 
off the tools, thus giving the material a chance to spread. 

Should you attempt to force the tools upward in spite of the wedge, it 
will not only take more time than required by the other method, but, owing 
to the excessively hard driving needed, it throws much heavier strains on 
the tools and machine, than otherwise would be necessary. 

If the top of rope socket is of such size that the bowl of combination 
socket cannot be forced over it by the use of safe driving blows, then meas- 
ures other than described above must be adopted. 
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Broadly speaknig, there are three methods to pursue : 

First — To reduce the top of rope socket to such a size that the combi- 
nation socket will pass over it. 

Second — To use a fishing tool for catching the lost tools around the 
box collar of rope socket, or around or under the pin collar of 
stem. 

Third — To ream the rope out of socket and to use a tool which will 
catch the socket on the inside. 

Before deciding which of the above methods to use, an impression 
block should be run so as to determine the size of top of socket, also to as- 
certain whether or not the inability to seat the fishing socket is due to an 
obstacle in the hole. 

To make an impression block secure a round piece of wood having a 
diameter of 1 inch less than the diameter of the hole in which it is to be 
used. The length of the piece should be about six times the diameter of 
the hole. Taper off one end of the block so that it will have the same shape 
as the pin of drill tool joints but about one-eighth of an inch larger. The 
idea is to make the end of piece of such shape that it can be screwed into 
box of rope socket or jars. 

On the other end of block, tack on a piece of tin or thin sheet iron 
having a width of 3 or 4 inches and a length to reach completely around 
block and lap over a distance of an inch or so. 

In tacking on the tin, so place it that about one and one-half inches 
project beyond the end of block, thus forming a cup on end of block. 

Now place the block in a vertical position with cup end up, and into 
cup pour sufficient melted beeswax to fill it even with rim. Allow the 
block to remain vertical until the beeswax becomes solid, and then smooth 
off the surface of the wax by scraping. 

If it is impossible to secure beeswax, soap or parafine may be used. 

Parafine to be used, must be melted and poured the same as beeswax, 
but with soap, owing to its plastic nature, it is not necessary to melt it, it 
being possible to pound it into shape. 

If it is necessary to use soap, forty or fifty nails should be driven in the 
bottom of block, the nails being driven down until the heads come within 
about one-half inch of the block. Now secure a sufficient number of bars 
of heavy laundry soap, such as Star or Irish soap, to completely cover the 
end of block and pound them down into the cup over the nail heads. 
Pound the soap until the different bars sort of run together and until a 
smooth surface is obtained. 

After smoothing up the surface, the outer edge of tin should be slight- 
ly crimped inward, this crimping, together with the nails, being for the 
purpose of holding the soap in place. 
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Even when beeswax or parafine are used, it is a good plan to crimp the 
edge of tin, also to use the nails. 

To run the impression block, the tools to use are rope socket and set of 
jars, the pin end of block being screwed into lower end of jars. 

Some drillers use just the rope socket, but it is best to use the jars, es- 
pecially if there is much water in the hole. 

In screwing the block into the jars, use chain tongs on the block so 
that it can be set up firmly. 

In lowering the tools into the hole, let them down carefully and just before 
reaching the top of the lost tools, go extremely slow. In order to deter- 
mine the exact point at which the tools will strike, it is a good plan to 
mark the cable beforehand by tying a piece of string around it. 

To get a good impression, let the block seat itself on top of the lost 
tools and then let enough slack into the cable to allow the weight of bottom 
part of jars to rest upon the block. Care must be exercised to see that the 
block does not strike the top of the tools but once, as otherwise a blurred 
impression will result. 

If beeswax is used and the hole contains water, the wax may be so 
hardened by the water, and the water may so buoy up the tools that the 
weight of bottom part of jars is not sufficient to make a clear impression. 
To add more weight, let slack into cable until the full weight of jars rest 
upon the block. If this does not do the business, a slight down jar can be 
given. If, however, it is necessary to use a down jar, it must be confined 
to one blow, in order not to get more than one impression. 

Next hoist the tools, doing so slowly and carefully so as not to loosen 
the wax nor tear the block loose from jars. 

Should the block become loose, it can be recovered by filling the hole 
with water, which will float it to the surface. This same plan can be used 
for any piece of wood which may accidently fall into the hole, unless a 
heavy stream of water has been struck, in which case, it will be impossible 
to fill the hole to the surface, owing to the fact that the stream will absorb 
more water than you will be able, under ordinary conditions, to pour into it. 

If there is no obstacle in the hole and if the top of socket has been 
properly cleaned off, a clear impression of the top of socket should be ob- 
tained. 

Carefully measure the impression and if it shows that the top of sock- 
et is not swelled over one-half inch over-size, it can be easily reduced with 
a Drive-Down Socket. 

A Drive- Down Socket is made about the same length and has a great 
deal the appearance of a combination socket excepting that it is made in a 
solid piece. The bottom part is bored out on an inwardly sloping taper, 
so that when the socket is driven down over the top of rope socket, it will 
force the top of rope socket together. 
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The drive-down socket should be used on the bottom of set of jars with 
stem above. In using the socket, it is seated on top of rope socket and 
then sufficient slack let into the cable so that the jars hit only on the down 
stroke. If regular drilling jars having short stroke are used and the top of 
rope socket is quite a bit over size, it will probably require some little time 
to reduce it. If, however, long-stroke jars are used so that a full swing of 
the tools can be given, the operation should not require over fifteen or 
twenty minutes. 

Should the impression block show that the top of socket is battered to 
such an extent that it cannot be reduced, then either the second or third 
method referred to above must be used. 

If the diameter of hole is of such size that there is ^ to 1 inch of clear- 
ance between the collar of rope socket and the sides of hole, then the tool 

to use is a slip socket. You will note from the ac- 
companying cut the appearance and general construc- 
tion of this tool. 

Two slips are used in a slip socket, each slip be- 
ing welded onto a small bar of steel about one and 
one-half feet long. The slip bars are usually fastened 
at the top by bolting them together, a piece of pipe 
being placed between the two bars so as to space them 
properly, the bolt passing through the pipe. The 
slips are held in place by slightly bending the upper 
ends, through w^hich the holes are bored, thus causing 
the slips to press outward against the bowl of socket 
when the nut on bolt is drawn up tight. 

The slip socket is used about the same as combi- 
nation socket, excepting that in this case it is used for 
catching the collar instead of top of rope socket. Ow- 
ing to the fact that there is no spring above the slips, 
as in combination socket, to force them into place 
after the socket has been set around the lost tools, the 
slips are made to take hold by jarring down very 
lightly, the jarring causing the slips to descend. 

After a few light down jars, put a tension on the 

cable. This will cause the slips to take a firm hold, 

which can be made more secure by a few up- jar blows. 

The procedure in recovering the tools is now the 

same as after the combination socket had been seated, 

s ip soc ct. excepting that with the slip socket it is impossible to 

drive down owing to the fact that there is no shoulder to drive against, as 

is the case when top of rope socket is caught. 

If the space between the collar of rope socket and sides of hole is not 
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sufficiently great to admit a slip socket, which must, of necessity, be made 
with a bowl of a thickness of at least three-quarters of an inch, then the 
third method advocated above must be adopted, unless the tools lost in hole 
are not firmly fastened, in whicn case there are three forms of sockets which 
can be used, namely, Horn, Long Friction and Collar Grab Sockets. 

Horn Sockets are furnished in lengths of from three to four feet, being 
made up of a piece of extra heavy pipe welded onto a pin. The pipe is so 
cut that when welded, there is an inwardly sloping taper from 
the bottom upward. A slot is cut in the pipe, the slot begin- 
ning about six inches from the lower end and extending up to 
the weld. 

The horn socket should be used ou the bottom of a set of 
jars, but owing to the fact that its hold is only a fractional 
one, it is not necessary to use a heavy stem above it. In fact, 
many drillers use simply a rope socket and a set of jars above. 
In using the socket, seat it over the tools by the use of 
down-jar blows. As the socket is driven downward, the tools 
are forced further and further into the inwardly sloping taper, 
thus wedging them firmly into the socket. While a horn 
socket is designed primarily for reco\-cring tools which are not 
fastened in the hole, it will, nevertheless, stand quite a bit of 
up driving, and thus even though the string of tools is slightly 
wedged by the sediment around them, it may be possible to 
loosen them and bring them to the surface with a horn socket. 
Another socket made very similar to a horn socket is the 
friction socket, which is quite a bit longer than horn socket. 
but which is used in exactly the same manner, and is con- 
structed to work on same principle. 

The extra length of friction socket makes it hold more 
firmly than a horn socket and thus it is often used to re- 
cover stems which are loose in the hole and which have joint 
collars of such large diameter that neither a slip socket nor a 
collar socket can be used. 

In running a friction socket, owing to its extra length 
and thus its great holding power, it is best to use a light stem above the 
jars, so that in case it is impossible to loosen the tools, the socket can be 
driven off of them. 

The third style of socket listed above, namely the collar grab socket, 
is made somewhat on the order of the friction socket excepting that the 
bowl has a wide slot cut from the lower edge upward for full length. Also 
at lower end, and about five to six inches from the bottom, an inwardly 
projecting edge extends outward from the walls for a distance of about 
three-eights of an inch. 
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In operating a collar grab socket, it is driven down over the tools until 
the inwardly projecting edge comes below the joint collar. The idea is to 
get the projecting edge of the socket to take hold of tools at the offset 
which occurs just below the collar where the wrench squares are started. 

As a collar grab will hold firmly, it should be used on the bottom of 
set of jars with stem above jars. 

While the three types of fishing sockets described above, namely, horn 
socket, long friction socket and collar grab socket, are hardly ever used in 
recovering lost tools which are firmly fastened in the hole, nevertheless the 
writer has described their construction and operation at this point in order 
to make future explanations more simple, as no matter what the nature of 
the fishing job on which they are used, the principles of the operations of 
the sockets are as outlined above. 

If none of the methods advocated in the foregoing pages for the re- 
covering of the tools can be used, that is, if it is impossible to successfully 
use combination socket, slip socket, horn socket, long friction socket or 
collar grab socket, then it will be necessary to drill or ream the rope out of 
socket and use a tool which will catch the socket on the inside, this being 
the third method as listed on page 133. 

In reaming out rope, a special type of flat drill is used. The drill is 
operated on the end of a line of pipe or tubing and the rope is reamed out 
by turning the pipe in the proper direction, which for ordinary pipe, hav- 
ing right hand threads, will be in a right hand direction. If in reaming, 
a rivet is encountered, it can be gotten rid of by cutting it off up close to 
the shell. 

To cut oflF rivet, a circular cutter having an outside diamater one- 
eighth less than the inside diameter of socket neck should be used. The 
circular tool should have a sharp cutting edge and should be used on the 
bottom of the line of pipe used for operating the flat drill. 

After cutting off a rivet it can be removed by lowering into the hole, on 
the end of sand line, a piece of magnetized steel, or by driving a piece of 
pipe into the neck of socket, the pipe being of such size that the rivet will 
become wedged into it. 

After reaming out the rope, the socket is ready for the fishing tool, 
which is known as a twist drill spear. 

A twist drill spear is made in the same form as a bull-dog casing 
spear excepting that it is, of course, much smaller, owing to the smallness 
of the hole in which it is to be used. 

In operating spear, it should be used below a set of jars, with a heavy 
stem above jars. After securing a firm hold with the spear, drive up with 
light blows. Do not attempt to use full driving blows, as the spear must 
of necessity be made rather small and thus can be broken with cpmparitive 
ease. 
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If the tools do not start up after a few minutes driving do not get im- 
patient, but keep the tools on a light up jar, as the continued application 
of these light strokes will in time start the tools unless they are very se- 
curely fastened. 

If after a couple of hours of driving, the tools do not seem to be loos- 
ening, increase the force of blow a small amount. Continue this kind of 
driving for a couple of hours and then if no results are obtained, again in- 
crease the strength of blow. Continue this procedure until either the tools 
come loose or else the spear breaks. 

Should the spear break without loosening the tools, it will indicate 
that the tools are very firmly fastened and thus preparations must be made 
for a stubborn fishing job. 

As tools have been proven to be firmly fastened, it will first be neces- 
sary to put them in such shape that they can be taken hold of with a fish- 
ing tool which will admit of heavy up driving and then something done to 
loosen up the tools as much as possible. 

To prepare the tools so that they can be caught 
with fishing tools, it will be necessary to mill off 
the top of rope socket so that a combination socket 
can be used, and to loosen the tools it will be nec- 
essary to run a spear around them. 

A milling tool for handling the above work is 
made somewhat on the order of a drive down socket, 
it having the bottom bored out on an inwardly 
sloping taper. Unlike the drive down socket, how- 
ever, the inside of tapered bowl is provided with 
flutes so that when the milling tool is revolved, the 
top of socket will be cut away. 

In using the milling socket it is screwed onto 
the lower end of a line of pipe, the size of pipe to 
be used being in proportion to the size of socket to 
be reduced. As a rule two inch standard pipe will 
be of ample size. 

In operating the milling socket it .should be 
lowered until it rests upon top of rope socket, and 
to the top of pipe, which should extend some eight 
or ten feet above surface of ground, must be at- 
casinK swii'fi. tached some sort of device which will allow the pipe 

to be revolved without twisting the drill rope, which 
will hd used for sustaining the weight of the pipe. 

A water swivel as shown under "Hollow Rod Tools" is an excellent 
device, but if you do not have one of these at hand or are unable to readily 
procure one, it is possible to use a home-made casing swivel for the purpose . 
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The cut on opposite page shows the construction of one of these swivels 
so clearly that further description is not necessary. 

After seating the milling tool on top of rope socket and connecting 
drill rope to swivel, take up slack in cable until nearly the full weight of 
pipe is supported by the cable. Next attach some sort of appliance to pipe 
so that it can be revolved. The "Casing Pole and Rope" shown on page 
42 will serve the purpose nicely. Now revolve the pipe in right hand di- 
rection, letting off slack as needed. 

The pipe should be marked at some point so that an accurate record 
can be kept of the progress made. It might be added that in setting up the 
joints on pipe connected with milling tool, they should be set up as tight as 
possible, as otherwise the various joints are liable to screw together during 
the milling operations, thus giving a misleading record of the work. 

After having run the tools until you think the top of socket sufl&ciently 
reduced, remove the pipe from the hole and lower the combination socket 
(first removing the slips) so as to see whether or not it can be seated over 
the rope socket. 

To make sure of this point, a small amount of stiff clay should be 
placed in upper part of fishing socket bowl, thus making of the socket a 
sort of impression block, which will clearly indicate whether or not the 
rope socket passes up into fishing socket bowl. 

The advantage of the milling tool over the drive down socket for re- 
ducing the top of a rope socket is that the milling tool can be made with a 
much thinner edge at bottom of bowl, thus permitting it to be used on jobs 
where the drive down socket would be of no value owing to the thickness 
of its walls. Thus it is necessary to make the walls of bowl of drive down 
socket at least three-quarters of an inch thick in order to stand the heavy 
strain thrown upon them, and therefore the walls of socket take up at least 
one and one-half inches of the diameter of the hole. 

On the other hand, the lower edge of bowl of milling tool need Hot be 
over one-fourth of an inch thick so that the walls do not take up over one- 
half of an inch of the diameter of the hole. 

To illustrate what is meant by the above, we will suppose that a rope 
socket having a neck 3 Jit inches in diameter is lost in a hole SH inches in 
diameter. If the top of socket is not swelled to a size greater than 4 inches, 
the drive down socket can be used, as there is left a space of it inch be- 
tween the top of socket and sides of hole, this being just sufficient to allow 
a drive down socket with walls ^A inch thick to be run. However, if the 
top of socket is swelled to such an extent that it is larger than 4 inches, 
then the drive down socket will be of no benefit and it will be necessary to 
use the milling socket, which having as it does a lower edge only }^ of an 
inch thick, can be used for reducing the top of a socket when the space be- 
ween the top of socket and sides of hole is no greater than i4 of an inch. 
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After having reduced top of rope socket to proper size, the next step is 
to loosen the tools by running a spear. 

A spear is made the same as the spud illustrated on page 129 except- 
ing that the spear is longer. Spuds as a rule are about eight feet long, 
while spears are made in all lengths from twenty to eighty feet. 

The length of spear to use depends upon the length of string of tools 
in the hole, also upon w^hether or not it is necessary to drive the spear to 
the bottom of the hole. If any hard substance such as a large nut, bolt, 
monkey wrench, etc., has fallen into the hole and is wedged around the 
tools the spear should be of such length that it can be driven completely to 
the bottom so that the obstruction will not wedge the tools when they 
start up. 

Also in some kinds of drilling, the cuttings settle around the tools very 
solidly and under such circumstances it is necessary to drive the spear to 
bottom in order to loosen up this solid mass. 

All cuttings will settle more or less solidly, but there are certain lime- 
stone cuttings which, when allowed to settle, will kind of cement together 
and become almost as hard as the original rock. 

Probably the most treacherous of all cuttings are the cuttings, or rather 
sludge, made by drilling in blast furnace slag. Quite a lot of drilling is 
now being done in this kind of material, for blasting purposes, and should 
you ever attempt any such work, you must be extremely careful about leav- 
ing the tools upon the bottom of the hole, even in drilling operations, as 
slag sludge solidifies so rapidly that it does not require over five or ten min- 
utes to become so hard that the tools cannot be removed from the hole. 

As long as the tools are kept in motion, no trouble will arise, but 
should it become necessary to make any adjustments, which will require 
the shutting down of the machine, the tools should be hoisted from the 
hole or at least hoisted above the sludge. 

Now to return to running the spear. 

If conditions are such that it is thought necessary to run the spear to 
the bottom of hole, a spear having a blade about 3 feet longer than the 
total length of lost tools should be used. That is, if the total length of 
tools is 25 feet, the blade of spear should be about 28 feet. 

The method of running a spear is practically the same as that used in 
running a spud, as described on pages 129 and 130. Owing to the long 
length of a spear blade, it is sometimes best to first use a spud in starting 
around the tools, and then, after the spud has been driven down for 6 or 
7 feet, the spear put on in its place. The advantage of this method is that 
the start of 6 or 7 feet will hold the spear solidly, thus reducing the liabil- 
ity of kinking or springing the blade. 

As the long length of blade of spear makes the spear drag heavily, it is 
necessary to use a very heavy stem above the jars and, as stated under in- 



ORRVILL£, OHIO, U. S. A. 141 

structions for operating spud, it is necessary to have the jars strike on both 
the up and down strokes. In order to get best results the jars used should 
have a stroke of at least 18 inches. 

In driving the spear, quite a bit of cuttings will be made, as the walls 
of the hole will be more or less chipped off, also as the spear approaches the 
bottom of hole the sludge and cuttings which were originally in the hole 
will be stirred up. 

By keeping about 10 or 15 feet of water above the top of lost tools, it 
is possible to bail out some of the cuttings and this should be done from 
time to time. 

Where the holes are not over 300 or 400 feet in depth or even on holes 
of greater depth, where the cuttings settle rapidly, some drilleirs jet the 
cuttings out of the hole by forcing a stream of water down around the tools 
and washing the cuttings to the surface. 

Owing however, to the time consumed by using the jetting outfit, the 
writer does not recommend its use excepting after the spear has been run 
for the last time, and it is desired to thoroughly clean the hole preparatory 
to using the fishing tools. Even then it is not necessary unless the cuttings 
are of such nature that they solidify rapidly upon settling. 

After having driven the spear completely around the tools and down 
to the bottom of tools, clean out the hole thoroughly. 

You are now ready to run the fishing tools which should consist of 
combination socket, with jars above and heavy stem above the jars. Owing 
to the fact that the tools have been loosened by running the spear, no 
trouble should 'be experienced in starting them. The method to be followed 
out is the same as outlined on pages 130, 131 and 132. 

You will note under the heading "Cable Breaks," that a great many 
different methods for recovering the tools have been described. While it is 
seldom, if ever, that you will be called upon to use all of the plans outlined, 
nevertheless, the writer has listed them, so that you may know the different 
tools and procedures available. 

In figuring on a fishing job, it is necessary for the driller to know the 
various methods which may be used and then to use first, those methods 
which, should they fail, will not further complicate the recovery of the tools. 
Thus, if the tools become firmly fastened in the hole and the drill cable 
parts, it would be very bad judgment to attempt to recover the tools by use 
of a rope spear, as under such circumstances there is great danger of adding 
to your troubles by having the rope spear as well as the tools to fish out. 

While the various methods described in the preceding instructions are 
so arranged that there is not much danger of complicating matters, should 
the methods fail, still they can be safely re-arranged to a greater or less ex- 
tent, according to the conditions to be met. 
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Thus some drillers, after determining by the use of an impression block, 
what kind of fishing tools will be needed, do not attempt to recover the lost 
tools until after they have loosened them up by running a spear around 
them. These are matters which must of necessity be left to the decision of 
the driller as it is very rarely that the same conditions are met in different 
fishing jobs. 

A good test to apply to each method, before using it, is to ask yourself 
whether or not the failure of the method will further complicate matters. 
If after careful thought you fail to see any danger ahead, and the method is 
one which can be used for taking care of the work at hand, then the thing 
to do is to go after it. 

Rope Pulls Out Of Socket. 

This sometimes causes fishing jobs but not very often. 

In handling this condition one or more of the methods given under 
"Cable Breaks" apply, the method to be recommended depending up<m 
circumstances. 

If the tools are firmly fastened it will of course be necessar>' to use a 
fishing tool which will admit of heavy up driving, but if the cable pulled 
out while the tools were working freely, it may be possible to recover them 
with a horn socket or a- long friction socket. 

Joint Gomes Unscrewed 

In a full string of tools made up of rope socket, set of jars, auger stem 
and bit, there are three joints which may become unscrewed, namelj-, the 
joint between the rope socket and jars, the joint between the jars and stem, 
and the joint between stem and bit. 

Should either of the two top joints become unscrewed, the fact becomes 
instantly noticeable inasmuch as the removal of the weight of stem and bit 
causes the engine to speed up and the cable to become slack. 

In case the engine is equipped with a governor thus maintaining the 
same speed whatever the load, you will of course not be able to notice anj- 
variation in speed when the joint becomes unscrewed, but if you are paying 
strict attention to business and are keeping careful watch of the outfit, you 
should be able to instantly detect the trouble by the slackness of the cable. 

While slackness in the cable may of course be due to several causes be- 
sides joints becoming unscrewed, nevertheless it indicates an unusual condi- 
tion in the hole and thus the engine should be instantly stopped, or at least 
the spudder or walking beam, whichever is being used, should be stopped 
and the tools hoisted from the hole. 

If an examination proves that the trouble is due to an unscrewed joint 
and the tools have been stopped soon enough to prevent the threads from 
becoming battered, the lost tools can be secured by screwing the joints to- 
gether down in the hole. 
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This is done as follows : 

Lower the tools remaining on cable, until they come within a few 
inches of the pin of lost tools. Next twist the cable 15 or 20 times in a left 
hand direction and hold the twist in the cable. Now lower the tools until 
the box of tools on the cable seats itself lightly over the pin of lost tools. 
After making sure that the box is properly seated, slowly let the twist out 
of cable. The unwinding of the twist should cause the joints to screw 
together. 

To assist in setting up the joint, the tension on the cable should be 
varied, that is, a slight strain should be put upon it, this being followed by 
letting in slack. Repeat this procedure several times and if the tools have 
been properly handled, the joint should now be set up sufficiently close to 
allow the tools to be hoisted from the hole. 

The above method can be used in holes of depths up to 500 or 600 feet 
or even deeper, but on very deep holes it is best to use a collar socket or a 
slip socket and catch the lost tools around the collar. If the hole is not of 
sufficient diameter to use either of these tools, then a combination socket 
fitted with slips for catching the pin should be used. 

If, however, you do not have any of the above fishing tools on the job, 
it is best to attempt to recover the tools by screwing the joints together as 
first described, rather than waft for fishing tools. 

If you are unable to make the joints screw together by use of the cable, 
the tools can be disconnected from the cable and lowered into hole on the 
end of a line of pipe. 

The advantage of using the pipe is that you have a sure control of the 
tools, thus making it possible to determine when the joints are screwed 
together. 

If you have no pipe-joint substitute as shown on page 119, then the 
easiest method of handling the work is to connect the pipe to the rope 
socket by cutting off the cable about two feet above top of rope socket and 
then inserting this two foot piece of cable into the end of a piece of pipe. 

The cable can be fastened into the pipe by having holes drilled into 
pipe and rivets driven through the same as in patent socket shown on pages 
10 and 11. 

To make a good job of it the pipe, directly above the rope socket, 
should be of such size that the cable fits into it snug, and 5 or 6 one-half 
inch rivets u.sed. 

For lowering the tools into the hole, pipe 1 to 1 ^ inch in diameter 
should be used, where the tools are of small or medium size. 

This pipe can be connected to the larger piece of pip^ whigh is used 
directly above the rope socket, by use of a steel reducer. 
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If the bottom joint comes unscrewed, its effect is not so instantly no- 
ticeable, as when either of the two top joints come loose, and thus it is very 
probable that the box of stem and the pin of bit will be ruined before the 
driller becomes aware that anything is wrong. If, however, the driller is 
paying strict attention to business he should be able to tell that something 
is wrong within five minutes after the bit comes loose. Especially is this so 
in holes up to 300 to 400 feet in depth, where the proper tension is kept on 
the cable and the cable is being let out but a little bit at a time. 

A good driller always keeps note of the cutting speed of the tools and 
when this speed decreases he knows that one of three things has happened ; 
— that the material has become harder, that the bit has become suddenly 
dulled, due to breaking oif corner or edge or that something is wrong in the 
bottom of the hole. 

As the loosening of the bit joint stops further drilling progress very 
suddenly, ij:s effect is very noticeable to an experienced driller. If, how- 
ever, you are a new man at the business, not having been drilling long 
enough to make the sound, the feel and the action of the drilling cable, sort 
of second nature to you, you will probably not note the change for some 
time, and thus the bit and stem will be considerably battered before the 
tools are stopped. 

As the ability of being able to judge conditions in the hole, by the evi- 
dence afforded by the cable is one of the most valuable assets posses.sed by a 
driller, a man starting in to learn the drilling business should make it a 
point to acquire this ability at the earliest possible date. 

Probably the best and quickest way to learn, is to drill by the watch. 
To do this, hang up a w^atch somewhere around the machine in such a po- 
sition that it can be readily seen by you when you are standing beside the 
drill hole. Now make note of the amount drilled each five or ten minutes 
and compare these amounts from one unit of time to the other. As the 
number of inches drilled in five or ten minutes is not very great, it will be 
necessary to pay very close attention to the work in order to determine the 
amount drilled. For the first two or three weeks you should keep track by 
tying a string around the cable at a certain point and measuiing from this 
string. After following this method for two or three weeks, do away with 
the measuring stick and learn to estimate the inches drilled by the amount 
of cable let out. Continue this estimating by the watch for at least six 
weeks or two months, at the end of which time it will probably not be nec- 
essary to longer use the watch as you will be able to detect almost uncon- 
sciously the slightest change in drilling rate. 

It may appear to you that the following out of the above instructions 
involves more trouble than the information learned is worth, but as it is 
necessary for a driller to learn the sound, the feel and the action of the drill- 
ing cable before he is really a driller and as the method advocated above will 
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teach it to you in the shortest possible time, the writer would suggest that 
you follow it carefully. 

What has been said above refers to drilling in rock only. 
Now to return to the fishing job. 

In fishing for a bit which has become unscrewed, the fishing tool may 
be a horn socket, a long friction socket, a collar socket, a slip socket, or a 
combination socket. If a combination socket is used, it 
should be fitted with slips for catching the pin of bit. 

If the blade of bit is of such small size that the bit has 
a chance to lean over in the hole or if the tools have been 
run on it such a length of time, that the top of bit has been 
driven into the side of the hole, then it will be necessary to 
straighten up the bit, so as to be able to seat the fishing 
socket. 

If the cuttings have not had time to settle solidly 
around the bit, the bit can be straightened up by the use of 
a bit hook. The accompanying illustration shows the con- 
struction of this tool. In operation, the bit hook is used 
on the bottom of a set of jars and is driven down around 
the shank of the bit, so that the hook of the bit hook, catches 
around collar of bit, thus forcing the bit out from the wall. 
It sometimes happens that after the hook has been re- 
moved the bit will not stand straight, but falls back against 
the wall of hole in such manner that a lishing socket cannot 
be set. 

This trouble can be overcome by placing some fine slack 
coal in the hole before running the bit hook, the coal ser\- 
ing to hold the bit erect after it has been straightened up. 
Another method is to pour small potatoes or turnips in 
the hole the vegetables serving the same purpose as the 
slack. 

The amount of "filler" depends upon the amount of 
space around the bit ; if coal, about enough to come half 
way up the bit, if vegetables, enough to come to the top of 
bit. 

If the lost bit has been in the hole for a considerable 
length of time, thus giving the cuttings time to solidify, it 
Bii Hook ^^'" ^ necessary to spud around the bit before running the 

fishing socket. The tool for this purpose is the spud shown 
on page 129. The spud can also be used instead of the bit hook for straight- 
ening up a bit which leans in the hole. 

To straighten up a bit with a spud the spud should be driven down be- 
side the bit to the bottom of the hole, the action of the spud being such that 
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the bottom of bit is driven over, thus forcing the top of the bit out in line 
with the hole. 

If the bit falls back after being straightened up with a spud, the coal 
or vegetable remedy can be used. 

Jars Break. 

Owing to the link construction used in a set of jars, the breaks which can 
occur may present a wide variety of conditions. By this is meant, where 
the breaks have to do with the link part of jars. Where the breaks occur at 
the squares or at the pin, the conditions are practically the same as when 
such breaks occur in a stem, and thus such troubles as snapping oif of pin 
and breaking of squares will not be discussed at this point, being reser\^ed 
for discussions under the heading "Stem Breaks." 

There are three main causes for jars breaking in the reins, namely, 
poor workmanship or bad material, jars become too much worn, and side 
strains caused by crooked holes. 

Where either poor workmanship or bad material is the cause, the break 
will generally show up within 3 or 4 weeks after starting to use the jars. 
If no trouble occurs within this time, it is pretty conclusive evidence that 
the jars are all right. Where jars are purchased from reputable drill 
manufacters, it is very rarely that a defective set wnll be found. In fact, 
so complete have become the facilities for making drilling tools and so ex- 
pert have drilling-tool workmen become that is very seldom, if ever, that 
defective jars are turned out by them. 

As explained on page 90, where jars become worn down in the heads, 
until only 2 or 3 inches of metal remain above the base of the tongue, they 
should be thrown aside. If they are used after becoming worn down, to 
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this point, a risk is being run, the risk becoming greater the longer the jars 
are used. Not only does the risk of breaking become greater, but the se- 
riousness of the fishing job which will be caused is very liable to become 
greater. W^hat is meant by this is that a much meaner fishing job is liable 
to happen when the jars break after becoming w^orn dow^n below the limit 
set above, than if they break before. The reason of this is, that the jars, 
when greatly worn, are liable to br^k right at the base of the tongue and 
as the reins at this point are thin enough to allows them to pass through the 
slot of the opposite rein, a break at this point may result in allowing the 
broken piece to slip out and wedge itself between the tools and walls of 
hole. On the other hand, if the jars are not allowed to wear down too far, 
the liability of a break occuring of such nature, that the broken piece can 
fall out from between the reins, is very small. In making the reins, this 
point is taken into consideration, and you will note by examining a set of 
jars, that the width of the reins for their full length down to base of tongue 
is greater than the width of slot betw^een reins. 
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The third cause of broken jars, namely, a crooked hole, is probably ac- 
countable for more breaks than both of the above named causes put to- 
gether. 

When a break results from a crooked hole, the break nearly always oc- 
curs on the up stroke of the tools. It does not require a very heavy strain 
to snap off a set of jars, when they are being operated in a crooked hole, 
owing to the fact that in lifting the tools, a wedging side strain is thrown 
upon the reins. Thus, if you find that a hole is becoming crooked and you 
do not want to take the time to true it up, you must run the tools on a slow 
motion until after the top of jars pass below the crook. It is, of course, 
much safer to ream out and straighten up the hole, but if the hole is a very 
shallow one and you do not have to drill much further, it may be possible, 
by using extra care to finish it up without getting into trouble. 

As stated at the beginning, many different styles of fishing jobs can 
arise by the breaking of the reins and as it would be impracticable to at- 
tempt to cover all cases, the following typical cases will be referred to, as 
from them, it wall be possible for you to figure out methods for handling 
all other kinds of breaks. 

In order to avoid confusion, the cases will be taken up and classified in 
the following order. 

Class A Top reins break off even, close to cap. 

CivASS B Top reins break off uneven. 

CivASS C Top reins break off through tongue. 

Class D Bottom reins break off even, close to cap. 

Class E Bottom reins break off uneven. 

Class F Bottom reins break off through tongue. 

Class A. If the reins break off even, just at base of cap, the fishing 
tool to use is a slip socket or a collar socket for catching the outside of 
reins. 

If the jars are of such size that you do not have sufficient space around 
them to run a slip socket, a horn socket or long friction socket can be tried. 
If the tools are loose in the hole, the horn socket or the long friction socket 
may take a firm enough hold to lift them, but if they are fast it will be neces- 
sary to use a fishing tool for taking a hold which will stand heavy up-driving. 

In order to determine the kind of tool to use, run the impression block. 
If after an examination of the block, 3'ou are not able to figure out a meth- 
od for catching the tools, make a sketch on a piece of paper, showing the 
exact conditions as revealed by the impression block and send this to your 
drill manufacturer. Mark all the dimensions on the sketch, also giving the 
diameter of hole, and the manufacturer can then make up a tool to suit the 
conditions. 

Class B. If the reins break unevenly, leaving one rein extend up 
past the tongue of lower reins, while the other rein breaks off somewhere 
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below the head of lower rein, then the fishing tool to use is a side latch 
jack, which is so constructed that it can be shoved down along the side of 
the lower reins, catching them just below the head. 

If both the reins are broken off down close to their lower end, thus ex- 
posing the slot below the head of lower reins, the tool to use is a jar latch 
socket or as it is sometimes called, a boot jack. 

You will note the construction of this tool from the ac- 
companying illustration. The piece connecting the lower ends 
is made on a hinge, being so constructed that when the boot 
jack is forced down over the top of lower reins, the hinged 
piece snaps into place as soon as it comes below the lower 
head. As the hinged piece works against two heavy shoul- 
ders, the tool will stand very heavy driving. 

There is another type of fishing tool made for handling 
Class B. This tool being called a jar tongue socket. As its 
name implies, the tool is used for catching the tongue of low- 
er reins. 

Glass C. As already stated, the breaking of the reins 
through the tongue may cause a very mean fishing job by al- 
lowing the broken piece to fall from between the lower reins, 
thus wedging the tools. 

You wull, of course, always be able to determine when the 
break occurs through the tongue, as t^e piece of jars brought 
to the surface will reveal the nature of the break. 

While it does not always happen that the piece falls out, 
when the break occurs through the tongue, nevertheless, in 
going about the fishing job you must figure that the piece 
may fall out and thus go about the work so as to make your- 
self as safe as possible. 

Thus instead of using a boot jack for fishing, a jar 
tongue socket should be used, as it may be necessary to break 
the hold of the fishing tool and when the boot jack is used 
this is something hard to do. 
If the piece remains in the jars no trouble should be experienced in re- 
covering the lost tools, but if the piece falls out, it will be necessary to get 
rid of it before going ahead with the work. 

If the jars fit the hole very snug, it will, unless the break is one that 
rarely happens, prevent the piece from falling down between the tools and 
the side of the hole. 

However, it will not prevent the piece from dragging and catching 
against the walls and thus if it is possible to do so, the piece should be so 
fastened that it will not cause any trouble on the way up. Especially 
should an effort be made to fasten the piece if considerable drive pipe has 
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been used in the hole, as the piece is very liable to catch on the bottom of 
pipe, thus making it necessary to pull the pipe, a job made doubly trouble- 
some owing to the fact that the cable and tools are down in the hole. 

Of course, if any gravel or other ravelly material lies above bed rock, 
it will not be feasible to pull the pipe even if it is possible to do so, inasmuch 
as the loose material will cave in around the hole. 

If the tools can be brought up to the bottom of the pipe, it may then 
be p>ossible to crowd the piece far enough in between the reins to allow it to 
pass up into the pipe. To do this, a tool having the lower end shaped 
somewhat like the lower end of bit-straightening hook, illustrated further 
over, should be used. The tool can be made out of a bar of iron ^ inch by 
2 inches by 5 feet long and should be used on the bottom end of a line of J4 
inch pipe. 

By twisting the hook around and under the broken piece, it can be 
forced into place between the reins and held there until it passes lower end 
of drive pipe. 

After getting the tools started in the drive pipe no further trouble 
should be experienced. 

If, however, the piece catches in the pipe, it can be loosened in the 
manner just described. 

If the hole in which the tools are lost is of such size that the broken 
piece slips from between the reins, dow-n by side of the tools, then it will be 
necessary to run a spear around the tools and drive the piece to the bottom 
of the hole. After having driven the piece to the bottom, the lost tools can 
be caught with either a slip socket, jar tongue socket or boot jack. 

Some drillers think it a waste of time to drive the piece to the bottom 
of the hole, arguing that the time comsumed in running the spear would be 
sufficient to jar the tools out of the hole. This is the wrong way to look at 
a fishing job, as a driller should so lay out his work, that each step taken 
will tend to make the recoverv of the tools easier. 

As long as you are running the spear, you know that you are not com- 
plicating matters, and the further down the piece is driven, the easier will 
the tools come when finally caught with the fishing socket. 

On the other hand, if you attempt to jar the tools out of the hole, re- 
gardless of the position of the lost piece, you are working more or less in 
the dark and w^iile you may, and probably can, drive the tools past the 
piece, still it is taking chances, and chances are things that good drillers 
keep as far from as possible. 

Glass D. When the bottom reins break ofF even, close up to bottom 
cap, the method to follow out is the same as under Class A, excepting that 
the fishing tools will take hold of outside of bottom cap instead of outside 
of reins. 
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If all the methods advocated under Class A fail, send your impression 
block measurements to the manufacturer as advocated. 

Glass E. When the bottom reins are broken off unevenly, there are 
three types of fishing sockets which may be used, namely, the center jar 
socket, the side jar socket and the jar socket. 

The center jar socket is used when the reins are broken off rather close 
to the tongue. The accompanying illustration shows the construction of 
the socket, and will also make it easy to figure out the manner in which the 
socket works. 

The opposite side of socket, not shown, is made in the 
same manner as the side illustrated. 

To operate the socket it should be lowered between the 
upstanding broken reins, so that the slips can take a firm hold 
of each rein. 

Both the side jar socket and the jar socket are used when 
one of the reins is much longer than the other, they being so 
constructed that they catch but one of the reins. 

Glass F. A break through the tongue of the bottom 
reins is very liable to result in leaving a loose piece of steel in 
the hole. If the piece broken from the lower reins comes up 
with the top reins, then the fishing tool to use is one of the 
three sockets recommended for handling Class E, the socket 
to be used depending upon the nature of the break. 

If the broken piece does not come to the surface, then it 
is necessary to either fish it out of the hole or else drive it to 
the bottom of the hole. 

A strong effort should first be made to remove the piece. 
To go about the work intelligently, the impression block 
should be run so as to determine the position of the piece in 
the hole. 

In fishing for the piece an alligator grab should be used 

and if the block has shown that the piece is down along the 

side of the lower reins, the jaws of the grab should be bent to 

one side so as to reach in after it. 

An Alligator grab is operated below a set of jars with rope socket 

above. 

If the hole is a shallow one, a home-made grab operated on the end of 
a line of pipe can be used. The nature of the grab to be made depends 
upon the shape of the piece, also upon the position of the piece in the hole, 
as revealed by the impression block, and thus the making of the grab must 
be left to the reader's ingenuity. 

After removing the broken piece, the fishing job should be handled as 
recommended in the beginning of Class F. 
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Stem Breaks. 

In order to avoid confusion the different stem breaks will be classified, 
as follows: 

Class A Pin snaps oflF. 

Class B Stem breaks through top square. 

Class C Stem breaks through bottom square. 

Class D Stem breaks through body. 

Class E Box breaks. 

Class A. The snapping off of pin on stem will leave a collar standing 
up and thus the fishing tool to use is either a collar socket or a slip socket. 
If the hole in which the tools are lost is too small to admit either of the 
above fishing sockets, then it w411 be necessary to use a horn socket or a 
long friction socket, preferably the long friction socket. 

If the tools are so firmly fastened that they cannot be recovered by using 
either of these sockets, then it will be necessary to use one of the three 
following methods, namely: 

Reduce the collar until it is of such size that a fishing socket can be 
used. 

Mill a pin on the end of stem. 

Ream the hole to a size which wall admit of the use of a fishing socket. 

To reduce the collar a tool called a rasp is used. Two types of rasps 
are made; one known as a side rasp, the other known as a two- wing rasp. 

The side rasp is made on the order of a spud as shown on page 129 the 
difference between the two being that the blade of rasp at lower end is made 
somewhat thinner than a spud blade and is also provided with flutes or 
teeth, or .as they are called by drillers, ''whiskers." 

The two-wing rasp is made in the same manner as the side rasp, ex- 
cepting that two blades are used instead of one, the two blades being set 
opposite each other, so that in operation, two sides of the collar are being 
cut down at the same time. When the collar fits very snug in the hole, the 
side rasp will prove more satisfactory, as it can be operated in a smaller 
space than the two- wing rasp. How^ever, the two- wing rasp is more rapid 
in its work and thus when conditions are favorable for its use, it is the 
more satisfactorv tool. 

A rasp either two- wing or side, is operated in about the same manner 
as a spud and thus the instructions for operating spud, given on page 12^ 
apply to the rasps. 

After operating the rasp a short time the impression block should be 
run so as to determine the size and condition of collar. As soon as the 
collar has been sufficiently reduced the fishing socket can be run and the 
tools recovered. 

In running the fishing socket, it mu.st, of course, be placed below a set 
of jars, with a stem above the jars. This advice is probably unnecessary, 
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owing to the fact it has been so often stated that a stem must always be 
used above the jars on difficult jobs, but it is added for fear that the former 
instructions might be forgotten. 

The second method, under Class A, namely milling a pin on end of 
stem, is one that involves a high degree of skill and thus should never be 
attempted by anyone not experienced in the work. Inasmuch as in or- 
dinary water- well drilling it is very probable that you will never have an 
occasion to do this kind of work, and also owing to the fact that if the oc- 
casion does arise, the work will have to be handled by an expert, the writer 
does not believe that it will be of any advantage to you to enter into further 
discussion of the method, it having been referred to more to illustrate the 
perfection to which fishing tools have been brought, than to instruct you 
in its use. 

The third method under Class A, namely reaming the hole, might be 
termed a method of last resort and should not be 'used until after all other 
methods have failed. In fact, under certain conditions, it is impossible, 
from an economical standpoint, to ream a hole. Thus, if the hole has not 
been cased, that is cased on the inside of drive pipe, and a considerable 
length of drive pipe has been driven through material which contains a 
large amount of sand and gravel, it would probably be more economical to 
lose the tools than to attempt to recover them, if the recovery required 
the reaming of the hole, which, under conditions as outlined above would 
require the pulling of the drive pipe and the driving of pipe of larger size. 
If however, the hole has been cased inside the drive pipe, and the casing is 
in such shape that it can be pulled then it may pay to pull the casing and 
ream the hole on down from the point where the casing was seated. Also, 
if only a short line of drive pipe has been used, or if the walls of hole in the 
material above bed rock are such that they will stand w'ithout casing, it 
may be an economical proposition to pull the drive pipe and ream the hole. 

In reaming a hole in which there are lost tools, it is necessary to fii"st 
cover up the tools, so that the loose material and cuttings will not settle 
around them. For this purpose a piece of burlap or canvas should be u.sed, 
the piece being of sufficient size to fill the hole for a distance of about one 
foot, after being firmly tamped into place. Before placing the packing in 
the hole, the hole should be filled with water up to the top of tools, the 
water serving to prevent the plug from being driven down around the tools. 

As the pulling of pipe and casing and the reaming of a hole will be dis- 
cussed further over, these operations will not be gone into more fully at 
this point. 

After having reamed the hole down to the top of the canvas plug, the 
hole should be cleaned out very thoroughly and the plug removed. To re- 
move the plug a short, sharp spear with a short barb close to the end should 
be used. The spear can be arranged to be operated on the end of 9. Une pf 
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pipe or can be provided with a pin joint so as to be operated below a set of 
jars. 

As soon as the plug has been removed, the hole should be reamed down 
to the top of the tools and then a spud run down around the tools for a dis- 
tance of 2 or 3 feet. 

The running of the spud should enlarge the hole around the stem to 
such size that a slip socket or other appropriate fishing tool can be used. 

Glass B. When a stem breaks oif at the square, the fishing tool to 
use is either a horn socket, a long friction socket, a slip socket or a square 
socket. 

A square socket is made similar to a slip socket excepting that the hole 
in bowl of square socket is made square instead of round. 

The handling of a fishing job caused by a broken square at top of stem 
is practically the same as when the pin snaps off and thus the instructions 
found under Class A apply in the present case. 

Glass G. The breaking of stem through the bottom square is liable 
to present conditions similar to the unscrewing of the bottom joint referred 
to on pages 145 and 146 and thus the writer would refer you to the above 
pages. He would also refer you to pages 153 and 154 regarding the use ot 
rasps in reducing the size of a lost tool, as it may be that the tools will be 
run for a considerable time after the break occurs and thus quite a bead 
hammered on them. 

The fishing tools which can be used are horn socket, long friction 
socket, slip socket or a collar socket. 

As the weight of lost tools is not great, being only a bit and box, the 
horn socket will probably be the best tool to try first. 

If the tools lean to one side, they can be straightened up as described 
on page 146, or if the cuttings have settled, the spud should be used. 

Glass D. The breaking of a stem through the body hardly ever oc- 
curs until after the stem has been used for quite a while and the steel has 
become crystallized. The fishing tool to use depends upon the location of 
the break, and the nature of the same. If the break occurs near the bot- 
tom of stem and the tools are run sufficiently long to batter a bead on the 
end, then it may be necessary to use the rasp for reducing the stem to a size 
where it can be caught. It may also be necessary to use a .spud in case the 
tools have been on the bottom for some time. 

The fishing tool to use may be a horn socket, a long friction socket, a 
slip socket or a collar socket. 

Glass E. When the box on stem breaks, the conditions presented are 
very similar to those occasioned by the unscrewing of lower joint in drilling 
tools and thus the instructions given on pages 145 and 146 apply in this 
case. 
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Bit Breaks. 

The breaks which occur in a bit are usually at the pin, at the weld or 
at the cutting end. 

The snapping off of the pin presents fishing conditions very similar to 
the unscrewing of bottom joint, excepting that in this case the pin is bro- 
ken off. 

If the break is detected within a few minutes after it occurs, the bit can 
easily be removed by the use of a horn socket or a long friction socket. 

If the tools are run for quite a while after the break occurs, it may be 
necessary to use a rasp for reducing the top. It may also be necessary to 
use a spud for driving down around the bit, not only for loosening it up but 
also for straightening it up as well. 

In fishing for a lost bit, a horn socket or long friction socket is gener- 
ally used. 

However, if the top of collar is not expanded or has been rasped down 
to proper size, and the hole in which the bit is lost is not too small, it is 
pos.sible to use either a slip socket or a collar socket. 

The breaking of a bit through the weld is a trouble which seldom occurs 
on light tools, but where it does occur is liable to make a very mean fishing 
job. If the break is detected immediately after it takes place, the broken 
bit can be easily recovered by the use of a horn socket. 

If, however, the tools have been run for some time, the bit may be so 
battered that it almost fills the hole, thus making it impossible to seat a fish- 
ing tool. 

If you are unable to get a horn socket over the bit it will be necessary' 
to drive a spud down around the bit. This will make sufficient room to use 
a rasp so that the top of battered bit can be reduced. As soon as it is re- 
duced, the horn socket can be used. 

When a bit breaks at the bottom, the trouble can almost alwavs be 
traced to overheating of bit when it is being dressed or tempered. As a 
rule the piece breaking off, or as drillers say, "spalling off," is not large and 
can be drilled up. However, it sometimes occurs that a large chunk spalls 
off and when this occurs it will be necessary to recover the piece before pro- 
ceeding with the work. 

When it is discovered that there is a large piece of bit steel in the hole, 
the first thing to do is to clean the hole out as clean as possible and then run 
impression block to determine the size and position of the piece. An alliga- 
tor grab is usually used for taking pieces of steel out of a hole, being oper- 
ated below a set of jars as explained on page 151. 

If you do not have an alligator grab handy, a home-made fishing tool 
can be made for handling the job. This tool can be made of a piece of pipe 
about 2 feet long, the diameter of the pipe being such that when the pipe is 
driven over the piece of steel, the piece will be wedged in the end of pipe. 
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If the piece of steel is of such peculiar shape that it can- 
not l^e wedged in the piix;, the pipe can be split from the bot- 
tom upward for a distance of 8 or 10 inches, so that it will 
conform more or less to the shape of the piece. If the piece 
of pipe is used, it should be operated on the end of a line of 
pipe. 

Something Falls in on Top of Tools Locking 

the Jars. 

It sometimes happens that a piece of rock falls out of the 
side of bore hole down on top of the tools. It also sometimes 
happens that something is accidentally dropped into the hole 
from the top. If the rock or foreign material is of such size 
that it will not slip down by the side of the tools, the result 
w'll be the fastening of the tools above the jars. 

As a rule, the piece falling into the hole will lodge on top 
of the rope socket, or else down along side of the neck of 
socket, thus locking the jars. As it is hardly ever possible to 
loosen a string of tools by a straight pull, the first thing nec- 
e.ssary to do in a case of this kind, is to try to get the jars to 
work. 

If the substance falling into the hole is a piece of rock, it 
may be possible to crush it into particles of such small size 
that they will pass down around the tools. 

There are two ways of accomplishing this, one by the use 
of the bumper, the other by the use of a home-made spud. 

The accompanying cut shows the construction and ap- 
pearance of a bumper, excepting the top end, which is fitted 
with an eye. 

To operate the bumper it is attached to the sand line by 
passing the end of sand line through the eye. The hitch for 
fastening sand line through bumper eye is the same as used 
for fastening line through bailer bail, described on page 16. 

After fastening the bumper to sand line, the bumper 
should be drawn up until it hangs along side of the drill cable, 
then the cable should be placed between the two outwardly 
projecting wings on lower end of bumper and a large spike 
nail passed through the holes in wings. The end of spike 
should be bent over so that the spike cannot vSlip out of the 
holes. 

Next take a hard pull on the cable and hold this tension 
by setting the brake or by throwing in the worm gear. Now 
lower the bumper into the hole until it rests on top of the rope 
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socket. Inasmuch as the cable has been drawn taut, it is almost as stiff as 
an iron bar and thus the bumper will slide down over it readily. 

To loosen the jars, the tension should be kept in the cable and the 
bumper elevated to a height of from 10 to 25 feet and allowed to drop onto 
the top of rope socket. The first blows delivered by the bumper should be 
from a height of about 10 feet, gradually increasing the amount of drop if 
no results are obtained. If the tools do not loosen after five or six blows, 
let slack into the cable until it is loose, but not limber, and again trying 
the bumper. After three or four blows with the cable slack, try the tools 
and if they are still tight, put a strain on the cable and again use the 
bumper. Repeat the above operation three or four times and then if no 
good is accomplished, the bumper should be removed from the hole, as a 
further running of the bumper will result in swelling the top of socket to 
such size that it will have to be reduced before a fishing socket can be used. 

After the failure of the bumper, the tool to use is a home-made spud, 
made as described on page 128 excepting that the blade should be made 
square across the bottom instead of sharp. The spud should be operated on a 
line of pipe and should be manipulated as described on page 128, the object 
being to break the rock into pieces of such size that they will pass the tools. 

Inasmuch as the drilling cable is still attached to the tools, great care 
must be exercised to see that the blade of spud does not strike on top of rope 
socket as this is very liable to result in chopping off the cable. 

If the piece of rock along-side of tools is very hard, such as a piece of 
granite, or if the spud is being used for driving a piece of iron or some hard 
foreign substances down past the jars, it may require considerable spudding 
and thus arrangements should be made for operating the tools by power. 

This can be done by attaching the sand line to the end of pipe and then 
passing'the sand line back over the top of spudder sheave. If the sand line 
is not heavy enough to handle the work, it can be removed from the sand 
line and a heavier line substituted. In operating the spud, the spudder 
should be set on the shortest stroke so as not to jam the blade of spud be- 
tween the tools and the side of hole. 

The drilling tools should be tried frequently during spudding opera- 
tions to see whether or not they are loose. 

If you are unable to get results wdth the above tools it will be necessary 
to cut the cable at the top of socket so that a heavy spud can be run and so 
that a fishing socket can be used. Another case which may require the cut- 
ting of the cable is when the rock, or whatever has fallen into the hole, is 
very hard and is of such size that it will not pass down beside the rope 
socket neck, but lies on top of the socket. 

By cutting the rope just above the large obstacle, it makes it possible 
to remove the obstruction from the hole without the necessity of driving it 
to the bottom. 
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If the obstruction is simply a large piece of soft rock it will, of course, 
not be necessary to cut the rope, as the piece can be easily crushed by using 
the bumper. If, however, the piece of material is too large to pass down be- 
side the rope socket neck, time can be saved by cutting the rope and then 

fishing out the obstruction. Also if the obstruction is a 
large piece of very hard rock, it is probable that time can 
be saved by cutting the rope and fishing out the rock, for 
even should you succeed in breaking the rock into frag- 
ments of such size that they will pass down beside the 
socket neck, it will be necessary to drive these pieces down 
past the jars and this will consume quite a bit of time, be- 
sides involving some risk. 

Not only will the crushing of the rock cause the frag- 
ments to fall down around the tools, but it is also liable to 
result in cutting the cable, so that not only will the cable be 
cut but the tools will be wedged as well. 

Thus in troubles as outlined above, the driller must 
size up the situation and then determine whether it is better 
to first cut the cable, then remove the obstacles, and then 
fish out the tools, or, second, to crush the rock, then drive 
the fragments down past the jars and then remove the 
tools, taking the chance on the last method of having the 
cable cut in the crushing of the rock. 

Of course in either of the above cases when the cable is 
cut, it is necessary to have a full string of fishing tools con- 
sisting of rope socket, set of jars and combination socket 
and also, if the fishing job is a mean one, an auger stem or 
sinker bar, and thus your situation in regard to getting the 
fishing tools needed, must be taken into consideration in 
figuring on the fishing method to use. 

To cut the cable close to top of rope socket or close to 
obstacle in hole, the tool to use is a horseshoe rope knife. 
This tool can be operated on the end of a line of pipe but is 
most easily and quickly handled by the use of the sand line. 

The accompanying cut shows the construction of the 
tool, also the position it occupies when seated on top of the 
rope socket ready to cut the rope. 

In connecting up the rope knife so as to be used on the 
sand line, the pipe or swivel jars are screwed onto the top 
of the rope knife and then the sinker rod above the jarSj the 
sand line being fastened through eye of sinker rod. 
The sinker rod used is the same as illustrated on page 127, and the 
swivel jars as shown on next page. 
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The reason for using the pipe or swivel jars instead of the sucker rod 
jars shown on page 126, is that the sand line has a tendency to twist or 
turn in the hole and unless some means is provided for taking care of this 
twisting, the sand line will cause the rope knife to revolve around the drill 
cable, thus wTapping the sand line around the cable in such a manner that 
it will interfere with the proper w^orking of the tools. 

The pipe jars are so constructed that the upper part of 
jars can revolve without affecting the bottom part and thus 
the sand line and sinker rod can twist around without moving 
the rope knife or w-ithout wrapping the sand line around the 
drill cable. 

To place the knife around the drill cable, the bolt which 
holds the blade is wnthdraw^n, the blade is slipped around the 
cable and then is again fastened to the stem of knife. The 
knife is so constructed that it will not cut as it is lowered into 
the hole, but as soon as an attempt is made to lift it, the 
blade takes hold as shown in cut. 

After the knife has been low^ered to the point at which it 
is desired to cut the rope, the line attached to the knife tools 
should be passed over the spudder and the cable can then be 
cut by using light up- jar blow\s. 

After cutting the cable, the plan to follow out depends 
upon the previous conditions in the hole. 

If the rope has been cut on account of the inability to 
loosen the tools by running the bumper and the home-made 
spud, then the tool to use is either a spud or a spear. If the 
tools are4:)eing held by fragments of rock down along the side, 
the spud wnll be sufficient, but if some metallic substance such 
as a monkey wrench, etc., is down along the tools, it is best 
to use a spear and drive the obstruction to the bottom. 

After removing the obstruction by running the spud or 
the .spear, the tools can be secured by the use of combination 
swh'^ Jars sockct fitted with slips for catching the top of roj^e socket. 

Instructions for handling the combination .socket on a job 
such as outlined above will be found given under the heading "Cable 
Breaks." 

If the rope has been cut on account of a large rock or other obstacle on 
top of the tools, then the first thing to do is to try to remove the obstruc- 
tion. For this purpose an alligator grab can be used as described on page 
151 or a home-made friction .socket such as described on page 156 can be 
tried. 

If you are able to get hold of the obstruction so that it can be removed, 
the recovering of the tools becomes a very simple matter, the job being 



ORRVILLE, OHIO, U. S. A. 161 

handled as outlined under the heading **Cable Breaks" referred to above. 

If, however, you are unable to remove the obstruction and it consists 
of a piece of rock, it will be necessary to crush it and then drive the frag- 
ments down past the rope socket collar with a spud. 

If the obstruction is of metal, it will be necessary to use the spear and 
drive it to the bottom. 

In fishing for tools where it has been necessary to use a s[)ud or a spear 
as just described, it is best to use a heavy stem above the fishing jars, as 
the tools are liable to be rather hard to start. 

Something Falls in Hole Fastening the Tools Below Jars. 

It is very rarely that the tools will become fastened by pieces of rock 
wedging around them below the jars, unless a hole of considerable size is 
being drilled, inasmuch as the stem will so nearly fill the hole that rocks of 
large size cannot enter. 

However, when drilling in rock that is much fissured and jointed or in 
rock or shale which is so soft that it ravels, it sometimes happens that the 
hole will cave around the stem, fastening the tools very firmly. 

As the jars are not locked, a strong effort should be made to drive the 
tools loose before resorting to the use of fishing tools. 

In driving, the jars should be used, not only on the up-stroke, but also 
on the down-stroke, inasmuch as any motion of the stem either up or down 
will assist in crushing the rock thus freeing the tools. 

If after three or four hours of steady driving, the tools have not been 
moved, it will probably be a waste of time to continue further and thus ar- 
rangements should be made for running a set of fishing tools. 

As it has been proven that the tools are firmly fastened it will be 
necessary to use a fishing tool which will stand heavy up-driving, also a 
heavy stem should be used above, and if it is possible to get them, a set of 
long-stroke jars should be used. 

As the drilling cable is still connected to the lost tools, it will first be 
necessary to cut this off close to top of rope socket. This can be done as 
described in the previous fishing job. 

After removing the cable, a combination socket should be seated on top 
of the rope socket and the tools driven up with heavy up- jar blows. As 
you are now driving with a heavy stem above the jars, no trouble should be 
experienced in loosening the tools. If, however, you are unable to start 
the tools after four or five hours of steady driving, it will be necessary to 
break the hold of the fishing socket, remove the fishing tools from the hole 
and then run a spear down around the tools, after which the fishing socket 
can be run again. 

It is very seldom that it will be necessary to run a spear on a fishing 
job such as described above, where light water well tools are being used. 
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The reason for using the pipe or swivel jars instead of the sucker rod 
jars shown on page 126, is that the sand line has a tendency to twist or 
turn in the hole and unless some means is provided for taking care of this 
twisting, the sand line will cause the rope knife to revolve around the drill 
cable, thus wrapping the sand line around the cable in such a manner that 
it will interfere with the proper working of the tools. 

The pipe jars are so constructed that the upper part of 
jars can revolve without affecting the bottom part and thus 
the sand line and sinker rod can twist around without moving 
the rope knife or without wrapping the sand line around the 
drill cable. 

To place the knife around the drill cable, the bolt which 
holds the blade is withdrawn, the blade is slipped around the 
cable and then is again fastened to the .stem of knife. The 
knife is so constructed that it will not cut as it is lowered into 
the hole, but as soon as an attempt is made to lift it, the 
blade takes hold as shown in cut. 

After the knife has been lowered to the point at which it 
is desired to cut the rope, the line attached to the knife tools 
should be passed over the spudder and the cable can then be 
cut by using light up- jar blows. 

After cutting the cable, the plan to follow out depends 
upon the previous conditions in the hole. 

If the rope has been cut on account of the inability to 
loosen the tools by running the bumper and the home-made 
spud, then the tool to use is either a spud or a spear. If the 
tools are Joeing held by fragments of rock down along the side, 
the spud will be sufficient, but if some metallic substance such 
as a monkey wrench, etc., is down along the tools, it is best 
to use a spear and drive the obstruction to the bottom. 

After removing the obstruction by running the spud or 
the spear, the tools can be .secured by the use of combination 
swK-^ urs J^ocket fitted with slips for catching the top of rope socket. 

In.structions for handling the combination socket on a job 
such as outlined above will be found given under the heading "Cable 
Breaks." 

If the rope has been cut on account of a large rock or other obstacle on 
top of the tools, then the first thing to do is to try to remove the obstruc- 
tion. For this purpose an alligator grab can be used as described on page 
151 or a home-made friction socket such as described on page 156 can be 
tried. 

If you are able to get hold of the obstruction so that it can be removed, 
the recovering of the tools becomes a very .simple matter, the job being 



ORRVILLE, OHIO, U. S. A. 161 

handled as outlined under the heading ''Cable Breaks*' referred to above. 

If, however, you are unable to remove the obstruction and it consists 
of a piece of rock, it will be necessary to crush it and then drive the frag- 
ments down past the rope socket collar with a spud. 

If the obstruction is of metal, it will be necessary to use the spear and 
drive it to the bottom. 

In fishing for tools where it has been necessary to use a spud or a spear 
as just described, it is best to use a heavy stem above the fishing jars, as 
the tools are liable to be rather hard to start. 

Something Falls in Hole Fastening the Tools Below Jars. 

It is very rarely that the tools will become fastened by pieces of rock 
wedging around them below the jars, unless a hole of considerable size is 
being drilled, inasmuch as the stem will so nearly fill the hole that rocks of 
large size cannot enter. 

However, when drilling in rock that is much fissured and jointed or in 
rock or shale which is so soft that it ravels, it sometimes happens that the 
hole will cave around the stem, fastening the tools very firmly. 

As the jars are not locked, a strong effort should be made to drive the 
tools loose before resorting to the use of fishing tools. 

In driving, the jars should be used, not only on the up-stroke, but also 
on the down-stroke, inasmuch as any motion of the stem either up or down 
will assist in crushing the rock thus freeing the tools. 

If after three or four hours of steady driving, the tools have not been 
moved, it will probably be a waste of time to continue further and thus ar- 
rangements should be made for running a set of fishing tools. 

As it has been proven that the tools are firmly fastened it will be 
necessary to use a fishing tool which will stand heavy up-driving, also a 
heavy stem should be used above, and if it is possible to get them, a set of 
long-stroke jars should be used. 

As the drilling cable is still connected to the lost tools, it will first be 
necessary to cut this off close to top of rope .socket. This can be done as 
described in the previous fishing job. 

After removdng the cable, a combination socket should be seated on top 
of the rope socket and the tools driven up with heavy up-jar blows. As 
you are now driving with a heavy stem above the jars, no trouble should be 
experienced in loosening the tools. If, however, you are unable to start 
the tools after four or five hours of steady driving, it will be necessary to 
break the hold of the fishing socket, remove the fishing tools from the hole 
and then run a spear down around the tools, after which the fishing socket 
can be run again. 

It is very seldom that it will be necessary to run a spear on a fishing 
job such as described above, where light water well tools are being used. 
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and the running of it has been referred to simply to explain what might be 
done in case of last resort. 

Tools Become Stuck in Bottom of Hole. 

The sticking of tools in the bottom of a hole is liable to take place any 
time during drilling operations, but it is only when the tools become 
jammed into a crevice or a fresh bit a little over gauge is used, that any se- 
rious trouble will arise. 

Under ordinary drilling conditions, the sticking of the tools in the bot- 
tom does not amount to anything as the tools can be loosened with a few 
blows from the jars or if the jars are not being used, with a few blows of 
the bumper. 

Even when crevices are encountered or a bit over gauge is used, it is 
rarely that the tools will become so solidly wedged that they cannot be 
loosened without resorting to the fishing tools. 

If, however, the tools do become so firmly fastened that you are una- 
ble to loosen them after four or five hours of up-driving, then the cable 
should be cut and the plan outlined under * 'Something Falls in Hole Fast- 
ening the Tools Below Jars," should be followed out. 

Tools Become Stuck in the Pipe. 

This trouble does not occur frequently and when it does occur, it is 
usually before the pipe has been seated in the rock. The main cause of 
tools sticking in the pipe is the presence of gravel or quick sand. The 
gravel holds the tools by the pebbles becoming wedged between the tools 
and the inside of pipe. The quick sand causes its trouble by rushing up 
around the tools with such rapidity that the tools are completely covered 
before they can be withdrawn from the hole. 

We will first consider the trouble caused by the gravel. 

As the wedging usually occurs before the pipe is seated in the rock and 
thus the jars are not on the tools, and as it will be necessary to crush the 
pebbles in order to loosen the tools, a stiff tension should be put on the ca- 
ble and the bumper operated as described under * 'Something Falls in on 
Top of Tools, Locking the Jars.*' 

If you are unable to get results with the bumper, the cable should be 
cut at top of rope socket and then a combination socket with long stroke 
jars and heavy stem above should be run. 

If the amount of drive pipe in the hole does not exceed 40 or 50 feet, 
or if there is a greater amount in the hole and it will pull easily, then it 
may save time to pull the pipe instead of waiting for fishing tools. Inas- 
much as the tools are firmly fastened in the pipe they will, of course, come 
up with it. 

On account of the fact that the drill cable is still fastened to the tools, 
when the pipe is pulled, a close watch can be kept to see whether or not 



ORRVILLE, OmO, U. S. A. 163 

the tools are coming with the pipe. It may be that the pulling up of the 
pipe a short ways will result in loosening the tools and thus a careful 
check should be kept. Even if the tools do not loosen, the bumper should 
be run after each joint of pipe is removed, as the running of the bumper 
does not take up much time, and by so doing it may remove the necessity 
for pulling the full string of pipe. 

Care must be exercised during pipe pulling to see that the drill cable 
does not become slack, as the tools may break loose suddenly and drop 
back into the hole with such force as to part the cable. 

As each piece of pipe, as it is brought to the surface, will have to be 
removed from the cable, the cable will have to be taken off of the drum, 
pulled back through the piece of pipe and then re- wound onto the drum. 
During this operation be very careful to see that no one gets in such a po- 
sition that the sudden dropping of the tools will permit the cable to catch 
them, as such a happening may result in broken limbs, or even in loss of life. 

The safest plan is to clamp the cable just at top of hole as soon as the 
joint of pipe has been unscrewed, and for this purpose a pair of clamps 
as shown on page 42 can be used. 

If the tools have become fastened by being completely covered by 
quick sand, probably the quickest method of recovering them is to pull the 
pipe as just described, owing to the fact that quick sand packs so firmly 
that jarring does not have much effect on it. 

If, however, there is a long line of drive pipe in the hole, the pulling 
of which would involve considerable time and risk, it may save time to 
loosen the tools by running a spear. In using the spear, do not drive it 
further than the top of the bit, for should it be driven to the bottom of the 
hole, the quick sand will again rush up around the tools. 

By going only to the top of bit. it leaves a plug around the tools 
which, while it will prevent the inrush of sand, will not be solid enough to 
prevent the tools from being jarred loose. 

To run the spear it will of course be necessary to first cut the cable at 
the top of rope socket, which can be done as described on page 159. 

During the running of the spear, the hole should be bailed from time 
to time to remove the loosened sand. 

After running the spear, a heavy string of fishing tools, as described 
above should be used. 

Besides the troubles caused by gravel and sand, it sometimes happens 
that the tools will become jammed in a crimped or kinked place in the 
pipe. When this occurs, the bumper should first be used and if this does 
no good, then the cable cut and the heavy fishing tools run. 

Gravel Runs in Hole Under Drive Pipe. 

When the tools become fastened by gravel running in under the drive 
pipe, the fishing job involves conditions different from those mentioned in 
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the case just described, owing to the fact that the top of the tools is below 
the lower end of pipe and thus any attempt to run a string of fishing tools 
may result in added troubles as the gravel may again run in, thus wedging 
the fishing tools. 

The first tool to try is a bumper, and if the jars are on the lost tools, 
and they should be, owing to the fact that the drilling is now in rock, it is 
likely that the jars can be started to work and then the tools driven loose. 
If, however, the gravel has run in in such amounts that the top of rope 
socket is covered up, then the bumper will be of no benefit, and it will be 
necessary to send for a set of fishing tools consisting of horse shoe rope knife 
and swivel jars, also a rope socket, set fishing jars, a stem, a combination 
socket and either a spud or a spear. 

If the gravel is comparatively coarse, the spud will be of sufficient 
length, but if the gravel is full of quick sand which will settle the full 
length of the tools, then it will be necessary to loosen the tools clear to the 
bottom and for this purpose the spear will be needed. 

In handling the job, the first step is to cut off the cable as close as pos- 
sible to the top of rope socket. After removing the cable from the hole, 
the pipe should be driven, in an effort to shut off the gravel. 

After shutting off the gravel, the spear should be driven down around 
the tools and after this has been done, the tools can be recovered by use of 
the combination socket. The combination socket must of course be used 
below a set of jars with heavy stem above. 

It sometimes happens that the gravel cannot be shut off by driving, 
owing to the fact that the gravel is sifting down through a crevice in the 
rock. 

When this occurs, the gravel can be held in check by cementing the 
hole around the bottom of pipe and as far down as the crevice extends. 

In order to place the cement at the proper point without filling the 
hole from the bottom, it will be necessary to drive a plug down to the 
proper point. If the cementing has to be done while the tools are in the 
hole, a plug should also be placed just above the tools, or if the tools are 
covered with gravel, on top of the gravel. 

Both plugs should be of canvas or burlap, as described on page 154, and 
inasmuch as the bottom plug is resting on the tools and is not liable to re- 
ceive much sediment or cuttings, it need not be more than 3 or 4 inches 
thick. 

The top plug, however, should fill the hole for a distance of a foot or 
more. 

Between the two plugs the hole should be filled with water so that the 
water will serve as a backing for the top plug, thus holding it at the right 
point until the cement has set. 

The cementing mixture should be made up as explained on page 48. 
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After the cement has set for five or six days it can be drilled out, the 
plugs removed as described on page 154, and then the hole is in shape to 
proceed with the fishing job as outlined above. 

It is very rarely that a driller is called upon to cement a hole bofore he 
can use the fishing tools, inasmuch as it is nearly always possible to shut 
off the gravel by further driving of the pipe. However, when those rare 
instances do occur, where the gravel keeps slowly falling into the hole, it 
is best to take the time to put the hole in shape to make the fishing job as 
safe as possible rather than take chances in the running of the fishing tools. 

Top of Bed Rock Spalls Off. 

It sometimes happens that the top of bed rock is very much creviced 
and shattered as in some granites and schists, also that it is sometimes 
shelly as certain limestones, slates and shales. When these conditions are 
met, it may be impossible to drive the pipe far enough into the rock to pre- 
vent pieces from falling into the hole. 

In case the tools become wedged by a piece of the rock falling down on 
top of them, the fishing job should be handled by one of the methods out- 
lined under * 'Something Falls In on Top of the Tools Locking the Jars.*' 

If, however, the rock is of such caving nature that it is unsafe to 
spend the amount of time in the hole necessary in order to crush the rock 
and drive it down past the top of the rope socket, then the cable should be 
cut off at top of rope socket, and the hole cemented throughout the shatter- 
ed portion as described under * 'Gravel Runs in Hole Under Drive Pipe." 
The cement will bind the shattered rock into a solid mass and will thus 
prevent further caving. 

The cementing method just referred to can be profitably ujied where it is 
necessary to cement only a portion of the hole but is not to be recommend- 
ed when large portions of the hole are through caving material. Thus, 
holes drilled in certain shales will stand quite firm for awhile and then the 
walls will begin to cave in very rapidly. 

Drillers in the oil regions sometimes take chances in such material in 
an endeavor to get a hole of a certain size down to a firm stratum so that 
the hole can be cased. Water well drillers also' at times, have to take such 
chances, where caving strata are encountered between .strata of greater 
firmness. While the writer has repeatedly urged that no unnecessary 
chances be taken, still there are certain localities where it is necessary for 
some chances to be taken in order to get a well down at an economical rate. 

When a driller knows beforehand that he will have dangerous drilling, 
he should be provided with fishing tools for taking care of the kind of jobs 
that are liable to arise in that particular locality. 

As a rule it will not require a very extensive fishing equipment as it is 
only necessary to provide tools for taking care of the fishing troubles which 
the peculiar formations of that particular section may cause. 
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If you are operating constantly in such a territory, you should pur- 
chase the fishing tools, but if you are going into the territory simply to 
drill a well or two, it will probably be cheaper for you to rent the tools 
from your drill manufacturer. 

When the tools become fastened in a caving hole, no time should be 
lost in going after them as each minute lost is liable to add to the difficulty 
of recovering them. 

The bumper should first be run in an effort to start the jars. If the 
jars can be loosened, the tools can usually be recovered. If you are unable 
to get the jars to work and the hole continues to cave, then the bumper 
should be removed and the cable cut off at top of rope socket. 

In cutting the cable, the horseshoe knife shown on page 159, should 
be used and should be operated on the end of a line of pipe instead of on 
sand line as described on page 160, owing to the fact that if operated on 
the end of sand line, the caving of the hole may result in fastening the 
knife. 

If pipe is used, the knife can be jarred out even if the hole does cave 
quite a bit. 

In cutting off the rope, it should be cut right at the top of rope socket 
or not further than 2 or 3 inches from the top as considerable length of 
rope left standing on top of the socket will interfere with fishing operations. 

After cutting the rope, the tools can be recovered by the use of a 
casing bowl on the end of a line of pipe. 

A casing bowl is made very similar to the combination socket bowl 
shown on page 130, except that the casing bowl is shorter. The top of 
bowl is made with straight threads the same as combination socket bowl so 
that the bowl can be screw^ed onto the end of a piece of pipe or casing. 

In fishing with a casing bowl, the bowl is screwed onto the lower end 
of a line of casing, which is lowered into the hole. Sufficient casing should 
be used to reach from the top of the lost tools several feet above the surface 
of the ground. 

The size of casing to use depends upon the diameter of the hole in 
which the tools are lost, but the rule is to use the largest size which will go 
into the hole, unless the hole is above 75^ inches in diameter in which case 
it is the usual custom to use nothing larger than 61^ inch casing. 

To illustrate what is meant, we will suppose that it is desired to re- 
cover a string of tools which are in the bottom of a 5 inch hole. Turning 
to page 36 it will be seen that the couplings of 4 inch casing are 4.6 inch 
in diameter and thus 4 inch casing is the largest which can safely be used 
in a 5 inch hole. Thus, in ordering a casing bowl for the above fishing 
job, it will be necessary to specify that the bowl is to be used in a 5 inch 
hole, on the end of a line of 4 inch casing. 

After lowering the bowl until it is seated on top of the lost tools, the 
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next step is to set the slips in the bowl. As a rule this is done by lowering 
the slips on the end of a line of small pipe. As the slips have to be placed 
between the tools and the inside of casing bowl, it will, of course, be 
necessary to lower them down on the inside of the casing to which the bowl 
is attached. 

The kind of slips used vary somewhat in shape, but as a usual thing 
they are shaped somewhat like the slips used in a combination socket being 
provided, however, with slip bars something like the slip socket slip bars 
shown on page 135. 

Usually three slips are used when the top of rope socket is to be caught 
and the tops of the slip bars are fastened together so that they can all be 
lowered and set at the same time. There is another advantage in having 
the bars fastened together and this is in case it is desired to break the hold 
of the tools, the slips can be more easily controlled. 

• In seating the slips, they are shoved down until they come within the 
taper of the bowl, thus wedging them against the tools. 

After the slips have been set, an up strain should be thrown on the 
pipe in order to make the slips take a firm hold. 

After making sure that the slips are firmly fastened an effort should be 
made to hoist pipe and tools out of the hole. 

As it will be necessary to take an extremely heavy pull in order to do 
any good, arrangement must be made to use pulley blocks. The best way 
to handle them is to set two shear poles, one on either side of the hole, in 
a vertical position and then brace the top of poles to the derrick. The top 
end of poles should not be over 2 feet apart, but the bottom ends should be 
slightly spread so as to make the poles stand firm. A heavy timber should 
be placed across the top of poles and should be firmly fastened thereto. 

In pulling on the pipe the blocks should be hung from the cross timber 
at top of shear poles and the fall line should pass from the lower blocks 
over the crown pulley on top of derrick and then down to the hoisting drum 
on machine. 

The size of blocks to use depends upon the length of pipe in the hole, 
but it is the usual practice to use triple and quadruple blocks in order to 
get great hoisting powers. 

The shear poles should be 22 to 24 feet long, in order to allow a full 
length joint of pipe to be hoisted and the bottom ends should be set on 
good heavy ground sills so that the poles will not tilt. 

In order to assist in loosening the tools at the start, a ring and wedge 
pipe puller is often placed ov^er the pipe and two or more jacks used under 
this device. You will find this device illustrated and more fully discussed 
under "Pulling Drive Pipe." 

In order to take a sure hold on the pipe when using the blocks, casing 
elevators are generally used. The elevators are made so as to fit snug 
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A cutii 111 nation type of ilrilling iiiacliiiie, capable of handling either Cable, 
Hollow Ro<l or Core tools, drillinR a deep hole in Montana. Cut shows ma- 
chine operating the core tools. In order to handle the roda as rapidly as possi- 
ble the regular derrick has been removed and a special sixty-four foot derrick 
erecteil. 
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around the pipe and in hoisting, the strain comes against the bottom of the 
pipe coupling. To make the handling of the pipe as rapid and convenient 
as possible, two elevators should be used. This point will be more thor- 
oughly discussed under the headings "Re-casing a Hole'* and **Pulling 
Casing.'* 

After the tools start upward, their recovery means simply the pulling 
of the pipe, which should be handled as explained under **Pulling Casing." 

If you are unable to start the tools by the use of the blocks, assisted by 
jacks placed under the ring and wedge puller, then the blocks should be 
slacked off, first, however, tightening up the jacks so that all of the strain 
will be taken up by the jacks. Now remove the blocks from the shear 
poles and also the fall line should be taken off of the drum of machine and 
the blocks and line laid to one side. Next remove the cross timber from 
the top of the shear poles. Arrangements should now be made for driving 
up on the pipe. This can be done by the use of one of the pipe pulling 
devices described under * 'Pulling Drive Pipe." 

If there is a long line of pipe above the casing bowl, it will probably 
be necessary to use a very heavy drive weight, but even on the most stub- 
born job, the driver should not exceed 1500 pounds in weight, owing to the 
fact that the blow delivered by a very heavy driver is liable to strip the 
threads on the pipe. 

By using the driver in connection with the ring and wedge pulling de- 
vice, the tools should be loosened, or at least the jars should be loosened. 
After the jars are loose, the pipe should be jacked up until the jars are 
fully extended and then the driver again called into play. 

If the hole is not over two or three hundred feet in depth and you are 
able to get the jars to working then the top of the pipe can be fastened di- 
rectly onto the drilling cable and the tools can be driven loose by placing 
the cable on the spudder and driving up with the full weight of the pipe. 

If you are able to start the tools by the use of the ring and wedge and 
the driver, then the blocks can be rigged up again and the pipe, with tools, 
can be hoisted out of the hole. 

If you are unable to start the tools by any of the methods advocated 
above, then the only thing left to do is to ream the hole down to the top of 
the lost tools, set in a line of casing and then proceed to loosen the tools by 
running a spear, after which they can be recovered by the use of appropri- 
ate fishing tools. 

Before beginning a reaming job, however, you should first carefully 
consider whether or not the reaming is an economical proposition. This 
point you will find discussed on page 154. 

If you decide that it will be an economical proposition to ream the 
hole, then the job should be handled as described on pages 154 and 155. 
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Bailer Becomes Lost in Hole. 

If the bailer becomes lost due to the parting of the sand line and there 
i in the hole quite a bit of the parted line, it may be possible to re- 
cover the bailer by the use of a rope spear as shown on page 123. 

If a rope spear such as referred to is not available, a home-made tool 
can be used. This home-made tool can be constructed on the order of a 
rope knife shown on page 125 excepting that the edges of the hook should 
not be sharpened and the bottom of slot should be drawn in 
close so that hi case the sand line is caught in the slot it will 
be securely wedged therein. The tool should be operated on 
the end of a line of pipe. 

If but a few feet of line are left above the bailer it will 
hardly be possible to recover the bailer by catching the line 
and thus a tool for catching the bail of bailer must be used. 

If the hole is not very deep the bail can often be caught 
by making a hook on the end of a line of pipe and lowering 
it into the hole. If however, the hole is so deep that the pipe 
cannot be used or if the bailer is so firmly fastened that it 
cannot be loosened by the pipe tools, then it will be necessary 
to use a regular bailer grab. 

The accompanying cut shows the construction of this 
tool. 

To use the tool, it is placed below a set of jars, the bailer 
being caught by passing the hook of the grab under the bailer 
bail. 

In jarring up on a bailer when it has been caught by the 
bail, the blows must not be severe as hea\'y blows are liable 
to shear the rivets holding the bail to the shell. 

If the bailer has become lost due to the bail pulling loose 
from the shell, then it will be necessary either to go down on 
the inside of the bailer with a casing spear or go on the out- 
side with some form of fishing socket. 
Bailer Grab. If ^he bailer is not fastened in the hole, it may be possible 

to recover it with a horn socket or a long friction socket. If 
securely fastened, a slip socket or a collar grab socket should be used. 

If the bailer is securely fastened and is of such size that it is impo.ssi- 
hle to get a slip socket or collar grab socket around it, then it will be nec- 
essary to go down on the inside with a casing spear, description of which 
is given further over under "Pulling Casing." 

If none of the above methods are successful, then the bailer can be 
drilled out of the hole. This method, however, should be considered a 
method of last resort as it is usually a time consuming proposition. 
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To drill up a bailer the drill bit should be dressed much sharper than 
in rock drilling, the angle between the bit faces being between 45 and 60 
degrees. After running the tools on the bailer for some time, the top of 
bailer will be stoved over and so battered that it will completely fill the 
hole. When this point is reached, the tools should be withdrawn from the 
hole, and if possible, all of the water bailed out. 

Now dump four or five gallons of very stiff clay in the hole. If you 
are unable to bail out the water down within 2 or 3 feet of the top of the 
lost bailer, then 10 or 15 pounds of putty should first be put in the hole 
and then the clay dumped in. 

The clay and putty are for the purpose of holding the chopped up iron 
off the top of the bailer as otherwise the heavy iron fiakes will settle down 
on top of the bailer, thus preventing the bit from doing any cutting. 

The hole should be bailed out from time to time and fresh supplies of 
putty and clay should be put in. 

In bailing out, a vacuum pump as shown on page 17, is of great assist- 
ance as it will lift all of the heavy cuttings off of the bottom. 

When the bailer has been drilled out down as far as the valve, it may 
be necessary to use a bit with a flatter cutting edge in order to prevent the 
bit from glancing and drifting. 

However, the thin bit should be used all the way through if possible, 
owing to its more rapid work. 

The time required to cut up a bailer depends, of course,, upon the size 
of the bailer, but on a correctly handled job, a 4 inch by 10 foot bailer 
should be gotten rid of in about 20 hours steady drilling. 

Something Falls In on Top of Bailer. 

If a bailer is fastened by small particles down along the side, it can 
sometimes be loosened by light, jerking blows on the sand line. 

If it is fastened by an obstacle of too great size to pass down along the 
side of the bailer, the use of light, jerking blows will tend to jostle the ob- 
struction into the bailer. Thus, the first thing to do when the bailer be- 
comes fastened is to attempt to loosen it by jerking on the sand line. 

To jerk the line, the engine should first be speeded up, then 5 or 6 
inches of slack let in the line and then the sand reel friction thrown lightly 
against the power. 

Do not let much slack in the line and do not throw the friction in 
hard, as the sand line may be parted. 

If, after jerking the line 15 or 20 minutes and no results are obtained, 
a pretty stiff pull should be taken on the line and the tension held in the 
line by throwing the friction against the brake. 

Next run a home-made spud, as described on pages 128 and 129, down 
around the bailer. 
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If the bailer is wedged along the sides, the spud will crush the obsta- 
cles or else drive them to the bottom, and if it is fastened on top, the spud 
will crowd the piece into the bailer. By watching the sand line, it can be 
told when the bailer comes loose. 

If you are unable to get results with the home-made tool, it will be nec- 
essary to cut the sand line at top of bailer, and then run the heavier spud 
as shown on page 129. 

If you are using a small wire line for sand line, it can usually be cut by 
use of a home-made knife on the end of a line of pipe, as described on page 
127. If the hole is too deep or the wire line is too big for handling with 
such tools, then it will be necessary to use a regular wire line cutting tool. 

Probably the most satisfactory tool for this purpose is known as Mape's 
patent wire rope knife, which is operated on the end of sand line or on end 
of pipe or sucker rods. 

After cutting the line and running the heavy spud, the bailer can be 
caught with a horn socket, a long friction socket, a slip socket or a collar 
socket. 

Valve Pulls Out of Bailer. 

This fishing job cannot, of course, prove serious, but it is sometimes 
very annoying, owing to the difficulty experienced in getting hold of the 
lost piece. 

If you do not have an alligator grab handy, it will be necessary to 
make a tool for the purpose. The kind of tool to make depends largely 
upon how the piece is lying in the hole. If it is lying on its side, it will be 
necessary to use some sort of a grabbing device, but if it is standing any- 
ways near straight, it may be possible to wedge it into a tool made some- 
what on the order of a horn socket. 

If a tool made on the order of a horn socket is used, its efficiency can 
be increased by packing it full of stiff, plastic clay, which will assist in hold- 
ing the piece. 

A grabbing device can be made by splitting a piece oi 2% or 3 inch 
pipe and notching the split edges so that the edges will take a firm hold 
when seated over the lost piece. 

Both of the home-made tools described above can best be used on the 
end of a line of pipe. 

If such a thing should happen that you are unable to recover the bailer 
valve, it can be gotten rid of by shooting it into the side of the hole. To 
do this several pounds of dynamite should be placed at the bottom of hole 
and then fired. The amount of dynamite to be used depends upon the kind 
of material at the bottom of hole. 

If the material is soft shale, medium hard sand rock or soft limestone, 
two or three pounds should be sufficient. If, however, the hole is in hard 
rock, it may require 10 t9 35 pounds. 
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After firing the shot, the tools should be lowered to determine the con- 
dition of the hole. If the valve cannot be felt and the hole does not have 
to be drilled more than 10 or 15 feet deeper, then it will be all right to go 
ahead with the drilling. 

If, however, the hole will have to be continued on down to a depth 
which will bring the top of tools below the point of shooting, it will be 
safer to cement the hole at the point shot. The ceinenting of the hole will 
prevent the valve from rolling in on top of the tools and will also eliminate 
all chance of the shattered wall from spalling off. 

If the hole can be bailed dry, the cementing can be easily done as the 
cement can be poured in from the top. If, however, the hole makes water, 
the cement should be lowered by using a dart valve bailer or else by forcing 
it down through a line of pipe. 

The advantage of using the bailer or pipe is that the cement is placed 
at the very bottom of the hole without having to pass through the water, 
which would wash nearly all of the strength out of it. 

The amount of cement required will depend upon the size of opening 
at the bottom. Enough should be used to completely fill the opening and 
allow the cement to stand 1 or 2 feet up in the round part of hole. 

After the cement has set fairly hard, the work can be resumed and the 
hole continued on down without fear of caving trouble from the blasted 
part of hole. 

The blasting method of removing the bailer valve referred to above can 
sometimes be used for getting rid of other troublesome small pieces lost in 
a well. 

Fishing Socket Bowls. 

As a usual thing a well driller is called upon to drill holes of different 
sizes. Thus, while the standard size of wells in certain localities for domes- 
tic purposes may be 5J^ inches in diameter, the factory wells and wells to 
be pumped for large capacity may be 6, 8 or even 10 inches in diameter. 

In the large majority of cases, the drillers use the same size string of 
tools for handling the different sizes of holes, the only changes made being 
in the size of bits used. 

In order to make it possible to use the same size of fishing tool in the 
different sizes of holes, the fishing sockets are provided with extra bowls 
of different sizes, these extra bowls being so arranged that they can be fast- 
ened onto the bottom of the regular socket bowl. Thus, if 5^ inches is the 
diameter of the smallest hole drilled, the fishing socket is made for a 5J^ 
inch hole and then if it is desired to use the socket in larger holes, bowls of 
the proper sizes are supplied. 

The advantage of having a large bowl on a small socket, when the 
small socket is to be used in a large hole, is that the extra bowl will guide 
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the top of lost tools into the main bowl of fishing socket, thus eliminating 
the necessity of fishing around for the top of the lost tools. 

Extra bowls can be furnished with all fishing tools which operate by 
catching around the lost tool, these sockets being horn sockets, long fric- 
tion sockets, collar sockets, slip sockets, etc. 



Breaking the Hold of Fishing Tools. 

There are two general types of fishing tools — those which take a fric- 
tion hold and those which depend upon slips. 

Under the friction sockets are included horn socket, long friction sock- 
et, collar grab socket and short friction socket. 

Under the sockets which use slips are included slip socket, combination 
socket, pin socket, collar socket, casing spears and the several types of jar 
sockets. 

As it sometimes happens that the lost tools are so firmly fastened that 
it is impossible to loosen them, it is necessary to loosen the hold of the fish- 
ing tools in order to recover the fishing tools. 

When the friction type of fishing socket is used it can be loosened by 
hard up-driving. 

With the sockets using slips it is necessary to first break the slips. 
This can be done by so adjusting the slack in cable that the jars strike on 
both the up and down stroke. 

If short stroke jars are used, it often requires considerable time to break 
the hold, but if regular long stroke fishing jars are used and the crank pin 
set out in the last hole, it does not take much hammering to bring results. 

What has been said above refers to loosening the fishing tools when the 
tools are down in the hole. It is also necessary to know how to loosen the 
fishing tools from the drilling tools after the drilling tools have been re- 
moved from the hole. 

A horn socket or a collar grab socket can be loosened by driving a 
wedge into the slot along the bowl, the wedge expanding the bowl a suffi- 
cient amount to allow the tools to be jarred loose. 

When a long friction socket has been used it is necessary to drive it off 
of the tool. To do this a tool wrench, or better still, a pair of drive clamps 
should be placed on the square on the recovered tool below the friction 
socket and then the socket driven off with the spudder. 

To loosen a combination socket used to catch a rope socket neck, the 
rope socket should first be unscrewed from the drilling tools, and then the 
combination socket bowl unscrewed from the pin end of socket. By un- 
screwing the bowl the spring and spring plate can be removed after which 
the slips can be loosened by turning the socket upside down and then jar- 
ring it lightlj- by bumping it up and down on a piece of wood. 

To loosen a combination socket when it has been used to catch a pin. 



ORRVILLE, OHIO, U. S. A. 11$ 

the procedure is the same excepting when the pin of a stem has been caught, 
in which case it is not feasible to turn the stem upside down and thus, after 
disconnecting the socket bowl, the bowl should be jarred down as far as 
possible, when the slips can be pulled loose. 

To loosen a slip socket, the socket should be driven down. This will 
result in taking the pressure off of the slips so that they can be removed. 
After removing the slips, the socket can be driven up and off the tool. 

For removing the other types of sockets such as the various types of 
jar sockets, etc., the methods to follow are practically the same as above. 

Taking Kinks and Crooks Out of Pipe. 

Drive pipe is sometimes kinked on the end by driving it onto a boulder. 
It is also at times crimped in at the lower end by driving it into the bed 
rock. Other troubles may be caused by driving the pipe along a slanting 

boulder which will result in slightly springing the pipe out of 
line. Also there may be blisters or bumps on the inside of 
pipe which will interfere with the proper working of the tools, 
or the recasing of the hole. 

In handling the above troubles a tool called a pipe 
swage is used. 

To use a swage for driving out kinks, for straightening 
out a smashed end or for driving out blisters and bumps, the 
swage is placed below a set of jars with the stem above. 

For straightening a piece of pipe, the swage is used below 
a stem with a-set of jars above the stem and a heavier stem 
above the jars. 

If the pipe has been kinked in at the end, due to driving 
onto a boulder, the pipe should be pulled back from the boul- 
der before the swage is run. 

If the end of pipe has been crimped in or smashed in, due 

to driving the pipe into the bed rock, the pipe should be with- 

pc wage. (jj-awn a foot or two above the rock before running the swage. 

If a piece of pipe is to be straightened, the pipe should be drawn back 

from the obstruction causing the trouble. 

A swage used for pipe straightening is generally three or four times as 
long as the other type of swage, the extra length being provided in order to 
take the strain off of the pin and off the stem. 

You will note from the cut that the body of swage is fluted, the flutes 
being used so that in case there is water in the hole, the water can pass up- 
ward as the swage is driven down. 

It sometimes happens that the end of pipe becomes smashed in while 
the bottom of the line of pipe is in sand which runs several feet up in the 
pipe, thus preventing the running of the swage. Under such conditions, it 



176 THE CYCLONE DRU^L CO. 

is necessary to pull the pipe back to a point where the bottom of the pipe 
can be opened up without the sand rushing in. 



Recovering Pump Pipe Lost in Hole. 

Pump pipe fishing jobs are usually due to either one of two causes, 
namely, the pipe is accidentally dropped into the well or else the pipe be- 
comes rusted out and parts when an attempt is made to recover it. 

For pipe ranging in diameter from 1 to 2 or 2 J^ inches or for pipe up 
to 4 inches in diameter when the amount in the hole does not exceed 150 or 
200 feet, a taper tap will prove satisfactory, if the hole in which the pipe is 
lost is not over lyi inches larger in diameter than the outside diameter 
of the coupling used on the pump pipe. 

The reason for limiting the size of hole in which the taper tap is to be 
used is that it is a troublesome proposition to locate the end of a pipe of 
small diameter in a hole of large size. 

To use the taper tap it is lowered into the hole on the end of a line of 
pipe or sucker rods and after it has been seated in the end of the pipe, the 
rods are turned to the right (unless a special left hand tap is be- 
ing used) so as to give the threads on the tap a chance to take 
hold. 

If the top of pump pipe is provided with a coupling, the 
threads will screw into the coupling, but if no coupling is present 
the tap will cut threads on the inside of pipe so that a firm hold 
will be secured. 

If the pump pipe is greatly rusted so that the walls are not 
thick enough to give a taper tap a firm hold, then it will be nec- 
essary to use a taper socket, which is a tool made with an in- 
Taper Tap. wardly tapering bowl which bowl is threaded the same as taper 
tap. 
The advantage of taper socket over the taper tap when fishing for 
rusted pipe is that the bowl will not cause the pipe to spread. 

The taper socket is used on the end of a line of pipe the same as the 
taper tap. 

The taper socket can be used for fishing for pump pipe of small diame- 
ter in a large hole if the socket is provided with a fishing socket bowl as 
described on page 173. 

When only a short length of pipe, say 100 to 150 feet, is in the hole, 
and when the pipe is not over two inches in diameter, it can often be recov- 
ered by the use of a regular horn socket, as shown on page 136. 

To fit the horn socket for this work, a block of wood should be driven 
up into the socket bowl, the wood being of such length and diameter that 
when driven up as far as it will go, the lower end of block comes about 8 
inches from the lower end of bowl. The wood used should be soft pine and 
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before being driven into the bowl should be ripped down through the lower 
end for a distance of 6 to 8 inches by taking two or three cuts with a saw. 

To operate the socket, it should be placed below a set of jars and then 
lowered into the hole until it rests upon the pump pipe. Now drive down 
with the jars, using light blows, and the pipe will be driven into the split 
end of the wood which will hold it securely. 

Besides the tools described above, there are other types of pipe fishing 
tools, these being known as casing spears, mandrel or bell socket, tubing 
spears, tubing spears with socket, combination tubing socket, friction sock- 
et, and casing dogs. 

All of these tools can be used either in connection with cable tools or on 
the end of a line of pipe, but as the principle of their action is practically 
the same as the fishing tools described under "Part IV," we will not go 
into the matter further. 

Before leaving the present subject, the writer desires to refer to one 
kind of pump pipe fishing job which sometimes arises which is somewhat 
different from the ordinary job, this being the recovering of pump pipe 
where the pump rod is in the pipe and extends some distance above the 
upper end of the pipe. 

This kind of a job is best handled by the use of a taper socket as previ- 
ously described except that the socket should have a hole drilled from the 
top of the pin down into the bowl. The hole should be so drilled that it 
comes in at the very top of the bowl so that when the socket is lowered into 
the hole the pump rod will pass into the socket and on up through the hole, 
thus permitting the bowl to be seated on top of the pipe. 

The hole through the bowl should be of ample size to allow the pump 
rod to pass, and the joint of pipe immediately above the taper socket should 
be at least two feet longer than the length of pump rod sticking out above 
the pump pipe. 

Straightening a Hole. 

The straightening of a hole in hard rock has been discussed under 
granite drilling on pages 61 and 62 and the writer would therefore refer you 
to these pages. 

As stated under granite drilling, the only remedies proving efficient in 
vStraightening crooked holes in hard rock formations are the use of iron and 
steel, and shooting. 

However, in the softer formations there are various methods and classes 
of tools which will prove effective. 

One of the most common methods is to drive to the bottom of the hole 
a piece of timber of such diameter that it just about fills the hole and of 
such length that it comes up past the crook. If the crook is several feet 
above the bottom of the hole, the piece is made with a diameter which will 
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just allow of its being driven into the hole so that it will "hang up" at the 
crook. 

After seating the piece of timber at the proper point, the drilling tools 
are put in and the piece drilled out. In drilling out the piece, the tools 
should be run on a tight cable and the bit should be dres.sed rather blunt 
and with full wearing surface. 

The above method pro\es very satisfactory in medium hard formations 
and is a method that can be applied without resorting to special tools, as 
the only thing needed is a piece of timber, which can be cut al- 
most anywhere, and the regular drilling tools. If you are drill- 
ing in a region where you cannot get the timber, then pieces of 
crushed rock or hard pebbles can be used. 

The idea of using either the timber or the crushed rock is to 
hold the bit at one point a sufficient length of time to enable it to 
start a shoulder, or as drillers say "eat into the crook." 

A reamer will greatly assist in taking hold of the crook as 
the reamer has a blunt edge and the blade is 
made of sufficient width and thickness to almo.st 
fill the hole. A Mother Hubbard Bit dres.sed 
blunt will also prove more effecti\'e than an ordi- 
nary taper shank bit for the same rea.son. The 
use of a .star bit is also often effective in straight- 
ening up a hole. 

Besides the above tools there are \arious 

other devices used, among the most important 

of them being Kearne's hole straightening bit 

Round snd Mack's patent hole straightener. 

Reamer. ,|.j^^ Keanie's bit is made very full around 

the shank and the blade is of such size and so shaped that 

the cutting edge, which is .slightly beveled inward, is 

forced against the walls of the hole. 

Mack's patent hole straightener con.sists of collars 111 
to 12 inches long with a threaded hole through them, the | 

hole being of such diameter that the collars can be slipped 
onto the stem over the joint collars. The .straightening i 

collars are placed at different points along the stem, it being 
the usual practice to use 2 or 3 of them on a stem 20 feet in 
length. ! 

To hold the collars firmly to the stem, threaded .sHim Mother Hubbard bil 
are placed between the collars and the stem and then the 
collars are screwed onto the slips, which as they are made on a taper are 
thus made to seize the stem. 

As the outside diameter of the straightening collars is such as to just 
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fill the hole, the stem is prevented from being thrown out of line and thus 
the edge of bit or reamer is held against the crook. 

Inasmuch as the use of the collars throws a heavy side strain on the 
bottom joint, a stiff tension should be kept on the cable in order to prevent 
the tools from jamming against the crook with such force as to snap the 
pin on the bit. 

As stated under "Drill Bits" page 104, it is necessary to have bits of 
proper proportion in order to keep the hole straight and while this is true 
in all classes of drilling, it is especially true when drilling in hard forma- 
tions which lie at an angle or which are greatly shattered. 

If most of your drilling is to be in difficult formations such as just re- 
ferred to, it is best to have very thick bits, as the thick bits will not only 
assist in holding the hole straight, but they will serve as a protection to the 
pin of the bit which has to stand up under heavy strains when slanting 
strata are struck or slanting crevices are encountered, these strains being so 
great as to be dangerous unless the blade is of sufficient thickness, width 
and length to protect the pin. 

Reaming a Hole. 

What is ordinarily meant by reaming a hole is the enlarging of a hole 
already drilled. 

As a rule, reaming is for the purpose of increasing the size of a hole so 
that casing can be set or for the purpose of enlarging a hole so that fishing 
tools can be run. 

For such reaming, an ordinary round reamer as shown on page 178 is 
generally used. Besides a round reamer, a Mother Hubbard type of rock 
bit, dressed very flat is often used. 

When reaming, a stiff tension should be kept on the drilling cable un- 
less the rock being reamed is of such nature that the tools stick badly, in 
which case sufficient slack should be let in the cable to allow the jars to 
work and the tools should be run at a slower rate. 

What has been said above refers to an ordinary reaming case. 

Besides the above, there are special reaming cases where it is desired to 
ream or enlarge the hole below the drive pipe or casing so that the pipe can 
follow. This kind of reaming is generally done in those regions where cav- 
ing material is encountered after the bed rock is struck. 

For handling this kind of work two general types of tools are used, 
these being known as enlarging bits and under- reamers. 

An enlarging bit is made with a side wing projecting on one side, the 
bit being so proportioned that when drilling the side wing is forced out un- 
der the pipe thus enlarging the hole. This action is brought about by mak- 
ing the center line of lower bit blade in line with the center line of stem on 
which it is used. 
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While the entire width of the enlarging bit is not greater than the di- 
ameter of the pipe through which it is iiseti, still, owing to the fact that the 
lower blade comes in line with the stem, Ihe tendency of the lower cut- 
ting edge is to cut straight ahead and this action compels the cutting edge 
of wing to be forced into the wall. 

In dressing an enlarging bit the corner of cutting edge, of lower blade, 
opposite the enlarging wing should be dressed rounding as this 
will assist in forcing the wing into the wall. 
I An enlarging bit proves very satisfactory for enlarging 

I holes in shale or rock of medium hardness but is not to be rec- 

ommended for enlarging holes in hard rock. The accompany- 
ing cut shows the construction of a McCleary's enlarging bit 
and the cut on the following page shows the method generally 
used for holding the pipe which is intended to follow after an 
enlarging bit. 

As an enlarging bit is generally i'A to 4 feet long, it is 
necessary that the bottom of the pipe does not come within 6 
or 7 feet of the bottom of the hole. This is for the purpose of 
giving the wing a chance to eat back into the walls. 

To get any re.sults with an enlarging bit it is necessary 
that the hole be enlarged at the same time that it is being 
drilled, for the reason that the total width of the bit, as stated 
above, does not exceed the internal diameter of the pipe 
through which it is used. Thus an enlarging bit which would 
just go into a inch pipe and which would, when properly 
use<l, be capable of enlarging the hole to 7^/-j inches, would be 
of absolutely no benefit if used in a (> inch hole which had al- 
ready been drilled. 

There is, howe\'er, one exception to the above and that is 
when the hole extending below the end of the pipe is quite a bit 
smaller than the internal diameter of the pipe. Thus, if the 
hole below inch pipe is but ■? inches in diameter then the 
lower blade of enlarging bit will be compelled to enter the 
small hole and this will result in forcing the enlarging wing 
out into the walls. This plan is sometimes followed when it 
is hard to get the enlarging bit properly started. 

The enlarging bit as stated above, is a very effective tool 
Mecirnrys fo,. mediuni hard material, and where conditions are right for 
its operation, its use is to be recommended owing to its com- 
parative cheapness, al.so owing to its simplicity. However, for hard rock 
work, an under-reaming bit is much more satisfactory. 

Another advantage of a regular under-reamer is that it can be used for 
enlarging a hole that has already been drilled. Thus if a line of 6 inch 
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casing has been set and a 6 inch 
■{^^ hole has been drilled on down be- 
low and it is desired to set the (> in. 
casing on down, all that is iiecessa- 
Sitti "^""J' '-■' ^'^ hoist the casing 3 to 4 
feet off the bottom and then run the 
under- reamer. 

The cut on page 1H2 shows the 
construction of one of the best 
types of under- reamers, also shows 
the action of the tools when in use. 

In the cut shown, a regular 
rock bit is attached to the lower 
part of reamer and the hole is being 
reamed at the same time that it is 
being drilled. This is the usual 
way of u.sing the reamer, but as 
stated, it can also be used for en- 
larging a hole already drilled. 

As imder- reamers must be 
made very substantial in order to 
^^ stand the heav\' .strains thrown 

upon them and as they also iuvolve 
a large amount of careful and ac- 
curate machine work they must of 
necessity sell for a pretty high fig- 
ure and thus, while they are very 
handy tools to have, they are not 
very generally used for well drilling 
purposes. 

Pulling Drive Pipe. 

There are three general meth- 
ods of pulling drive pipe, namely : 
Pulling with Jacks. 
Pulling with Pry Pole, and 
Pulling with Pipe Jar Devices. 
Besides the three individual 
methods named, the metliwls are 
often combined, that is. one of the 
methods may be Uise<l in conibina- 
siiowintmrmiiKciiiciii i.f xroimd limiwrs hii<i nation with either of the Others. In 
riiiK a"<! wc<iKt- <uvi,-e „..,.<i f..t Mivporiinc c.ising order uot to get uiatter.-i mixed the 
ing run. uietliods wil! be taken up separately. 
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Pulling with Jacks. 

In pulling with jacks it is necessary to fasten some sort 
of clamping device around the pipe, the device being of such 
size and construction that jacks can be placed under the 
clamp and worked against it. 

On short lines of drive pipe or on pipe that does not 
pull extremely hard, the clamps can be made of wood and 
can be constructed the same as those shown on page 42. 
Even on extremely heavy pulls the wood clamps will prove 
satisfactory if two sets of clamps are used, one being placed 
immediately above the other and at right angles to it. By 
placing the clamps at right angles it is possible to use four 
jacks, one under each end of the clamps. 

If the clamps have a tendency to slip on the pipe, even 
after the bolls have been drawn up as tight as possible, tliey 
can be made to hold more firmly by placing pieces of old 
files or rasps between the pipe and the rounding part of 
clamps and then drawing up the clamps as tight as possible. 
Any style of jacks can be used under the clamps, but 
for a difficult job, requiring a steady, hard pull, screw jacks 
or hydraulic jacks are to be preferred. Lever jacks can be 
used if they are handled so that all of them are operated at 
one time, but owing to the fact that one notch on a lever 
jack elevates the head about one-half inch, the working of 
one jack at a time will tend to loosen the clamp, inasmuch 
as it see-saws the clamps up and down. While a very 
steadj' pressure can be applied with screw jacks, neverthe- 
less, owing to the labor required to operate this type of 
jack, its use is not to be recommended on extremely heavy 
jobs requfring the pulling of a considerable length of pipe, 
unless it is impos.sible to secure hydraulic jacks. 

The hydraulic jack is ideally adapted for pipe pulling 

jobs as with it enormous loads can be lifted with compara- 

Auairiaii lively slight effort on the part of the operator. Another 

la er Rcamtr. advantage of the hydraulic jack is that its action can be 

very closely controlled and thus a very steady pressure can be applied. 

When pulling pipe requiring a very heavy pressure to move it, the ring 
and wedge pulling device is to be preferred to the clamps mentioned above. 
This device consists of a heavy cast steel or cast iron frame through the cen- 
ter of which passes a hole 3 to 6 inches larger in diameter than the pipe over 
which it is to be used. The hole is beveled, the large part of bevel being 
at the top. Slips or wedges with bevels corresponding to the bevel in the 
block are furnished. 
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111 operating the ring and wedge de- 
vice, it is placed over the pipe and lowered 
until it rests upon the jacks. The slips 
should now be placed and a sufficient pres- 
sure exerted from below to make the slips 
Ring aud wedge Pipe Puller take hold. In Using the device, care must 

be exercised to see that the jacks are 
brought lip evenly as a heavy side strain resulting from uneven pressure 
may cause the slips to snap. 

By equipping the ring with slips of different sizes, the same ring can be 
used for handling two or three different sizes of pipe. 

Pulling with Pry Pole. 

Unless the amount of pipe to be pulled is small, it is very seldom that a 
pry pole is used. Where, however, the conditions are favorable for it, it 
proves a fairly rapid manner of getting pipe out of the ground. As a usual 
thing, the pry pole is used in connection with the pipe-jar devices. 

To rig up a pry pole, or as drillers usually call it, a "monkey pole," 
secure a heavy piece of timber 25 to 30 feet long, and 12 to 14 inches square. 
If a square timber cannot be obtained, use a round one. A telephone pole 
14 to 16 inches in diameter at the big end and 25 to 30 feet long will prove 
satisfactory. 

To use the pole, place the large end against the pipe to be pulled, and 
allow the pole to extend outward from the pipe in line with the machine. 
The reason for extending the pole in line with the machine is that by doing 
this, the pole can be handled with the sand line. 

Next fasten the sand line to the outer end of the pole and then by 
throwing the sand reel in gear, elevate the outer end about 10 to 12 feet 
from the ground. In doing this one man should steady the pole so that it 
does not swing around side ways. After elevating the pole, the proper dis- 
tance, hold it in this position and then slip a piece of timber crosswise under 
it up next to the lower end of the pole, to fulcrum over. A heavy railroad 
tie makes a good fulcrum timber. This piece of timber should be placed as 
close up as pos.sible in order to give the greatest prying power to the pole. 
Now wrap a good heavy log chain around the pipe and bring the ends of 
chain up over the end of pole, next to pipe, and hook them. 

Yon are now ready to slack off the sand line and let the weight of the 
pole come upon the pipe. 

To increa.se the lifting effect, one or more men should walk out on the 
pole and spring up and down on it. In doing this, be sure and stand, not 
sit, on the pole for the reason that something might give way at the lower 
end and if >'ou are sitting, your legs will be below the pole and may be 
caught. 
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When the lifting of the pipe allows the outer end of pole to touch the 
ground, it can be elevated again by use of the sand line as described above. 

Some drillers in using a pr^^-pole, cut a rounding notch in the lower 
end of the pole, so shaping the notch that the end of pole will straddle the 
pipe. As this will prevent the end of the pole from slipping off the pipe, it 
is quite an advantage. The work can also be made easier to handle by dig- 
ging a hole about 2 feet square and 1 foot deep around the pipe, as this will 
allow the chain to be more readily adjusted. 

Pulling with Pipe Jar Devices. 

Under certain conditions of pipe pulling, a blow is much more effective 
than a straight pull. In those cases where the pulling of the pipe means 
simply the lifting of a certain weight, as in lifting unconfined casing out of 
a hole, any arrangement which will permit of a strong, steady pull will 
prove efficient. However, in the pulling of drive pipe, owing to the fact 
that the pipe is firmly held by the enclosing ground, a straight pull, unless 
of enormous extent, will not do much good. As it is impracticable in the 
la^ge majority of cases to rig up apparatus of sufficient power to move a 
line of drive pipe by direct pull, drillers resort to the principle stated above, 
namely, a blow is more effective than a pull. 

The cut on next page shows the construction of two different types of 
pipe jar devices for pulling drive pipe. 

The pipe puller on the left is for use with cable tools and the one on 
the right for hollow rod tools. However, the hollow rod device can be used 
in connection with cable tools by screwing into the rope socket of the cable 
tools a pin hook as shown on page 120. 

Where very hard driving will be required, the rod type of driver is to 
be preferred inasmuch as the weight of the driver can be increased any rea- 
sonable amount by bolting on more sections. However, even on the most 
stubborn jobs the weight should not be greater than 1200 to 1500 pounds. 
The size of the weight used on ordinary jobs ranges from 300 to 500 pounds. 

Considering one of the driving devices in detail, it is made up of the 
following parts — stem, jarring head, drive weight and pulling plug. On 
the cable device, the stem is made heavy enough to furnish the weight, ex- 
cept on some special jobs a regular auger stem is screwed onto the top of 
the driver stem. As the addition of the auger stem gives quite a length to 
the tools, its use is not practicable unless the pipe has to be elevated only a 
short distance or unless the drive pipe is in short lengths. 

Of course, if the derrick is of sufficient height the adding on of the au- 
ger stem makes no difference, but derricks as ordinarily furnished on port- 
able rigs will not be of sufficient height to admit of pulling full length pipe 
when an auger stem is added onto the driver stem. 
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By referring to the cut yoii will note 
that the pulling plug through which the 
driver stem works screws into the coup- 
ling. Plugs which screw on the outside 
of pipe are also made, but the coupling 
plug is more convenient and is better 
constructed. 

The knocking head on the stem is 
usually screwed on with straight threads 
and the stem beaded over below it. 

In operating a device, the tension on 
the drill rope should be .so adjusted that 
the jarring head hits the bottom of the 
pulling plug just as, or a little before, 
the crank passes lower center. This 
will result in a strong upward blow. 

To increase the force of the blow, 
the spudder should be run on the back 
stroke and the engine speeded up so as to 
give the tools a quick, lively motion. A 
little experimenting will soon show you 
the proper tension to carry, also the 
proper speed to run. 

During driving operations the pull- 
ing plug should be tightened up from 
time to time for should it be allowed to 
become loase the threads may be stripped. 

Under certain conditions, mainly 
\yhen the pipe is being pulled through 
beds of sand or gravel, better resiilts can 
be obtained by allowing the driver to 
.strike on both the up and down strokes. 
The writer is unable to give an exact 
reason for this but it seems as though 
the down blow tends to loosen the pipe 
so that the up blow has a chance to be 
effective. The advantage of a down 
Pipe Jar Ofvin-s. blow has long been recognized by drill- 

ers, it often being used in connection 
with a pry-pole. 
When thus used a strain is taken on the pipe with the pole and the 
pipe struck by bolting the drive clamps onto the stem and then driving 
down. 
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The writer has used this method on several occasions when no other 
appliances were at hand and has found it very satisfactory for short strings 
of drive pipe. 

As stated under * 'Pulling with Pry- Pole," the pry pole is often used in 
connection with the pipe- jar device. When thus used, a strain is taken on 
the pipe with the pole and then the pipe driven upward with the driver. 
The pry-pole is quite an advantage where a long or heavy line of pipe is 
being driven up as the pole will tend to carry the weight of the pipe, thus 
allowing all of the force of the blow to be used in loosening and moving the 
pipe. 

Besides using the pry-pole with the driving device, the ring and wedge 
puller is also used. As a rule the ring and wedge is used only on the most 
stubborn jobs, as the pry pole can be handled much quicker and with much 
less labor. 

As stated on page 45, it is sometimes necessary to pull the drive pipe 3 
to 4 feet when dynamiting boulders, and inasmuch as pipe jar devices are 
most generally used for this purpose, the following instructions regarding the 
handling of the battery wires in connection with these appliances are given. 

Owing to the fact that it is necessary to screw a plug into the end of 
the pipe, also owing to the fact that the driver stem has a play of from 2 y^ 
to 3 feet in the upper end of the pipe, it is impossible to allow the battery 
wires to come out the top and thus provision must be made for taking care 
of them in a different manner. 

There are two ways of doing this. One is to screw a short piece of 
drive pipe about 4 feet long, into the end of the pipe to be pulled and then 
screw the pulling plug into the coupling on the upper end of the short piece. 
At the bottom of the short pipe and about 6 inches from the end, a hole yi 
to 1 inch in diameter should be drilled. 

In handling the wires, pass them through the hole before the short 
piece of pipe is screwed on and then shove enough of the wire down into the 
hole so that there will be ample slack to prevent the wires from being bro- 
ken when the pipe is screwed on. After the pipe has been set up, take up 
the slack in the wire. 

You are now ready to screw the pulling plug into the coupling and be- 
gin operations. 

As the pipe is driven up a careful feel of the wires can be maintained so 
that you will be able to determine whether or not the dynamite is staying in 
place. 

The other method of taking care of the wires is to use a four- foot piece 
of pipe on top of the drive pipe and allow the wires to hang from a stick 
placed in the coupling connecting the four- foot piece to the drive pipe. 
The stick should be of hard wood about 1 % inches wide and h inches thick 
and should be of such length that it fits snug in the coupling. 
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In placing the stick, it should be shoved down into the coupling until 
it rests on top of the pipe. Now fasten the wires securely to the stick, first 
allowing 10 or 12 feet of slack in the wires below the stick. Next screw in 
the short length of pipe and you are ready for adjusting the pipe puller and 
going ahead with the work. 

The stick method of fastening the wires has the advantage that it is not 
necessary to drill a hole into the pipe, but it has the disadvantage that it is 
impossible to keep a feel on the wires. 

Re-Casing a Hole. 

In water well work the re-casing of a hole is generally for the purpose 
of shutting off a caving formation or else for shutting off a stream of unde- 
sirable water. There are also cases where a hole is re-cased in order to pre- 
vent the water of the well from draining off through porous or creviced 
ground, also for preventing the water from coming in contact with forma- 
tions such as coal, gypsum, sulphurous shales, alkali rock, etc., which will 
give to the water undesirable qualities. 

While the re-casing of a hole is theoretically a very simple matter, in- 
volving as it does only the screwing together of joints of pipe and the low- 
ering of them into the hole, still the practical operation requires the exer- 
cise of good judgment and a close attention to details, if accidents are to be 
avoided. On short holes the necessity for exercising extreme care is not so 
great, but where a long line of casing is being handled the weight is often 
enormous and thus the least slip or mis- movement may result in dropping 
the casing and plugging the hole. 

To handle a re-casing job in a satisfactory manner the driller should be 
provided with the proper tools and should also arrange the drilling rig for 
the work at hand. 

The arranging of the rig depends upon the amount of casing to be set. 
If the weight is not great, it may be possible to lower the full string direct 
with the drilling cable. If, however, the weight will be considerable, it is 
not safe to adopt this method. 

The amount of casing that can be handled direct with the drilling line 
depends upon the size of the machine being used. As a rule it is safe to 
figure that an amount of casing equal to two times the weight of string of 
tools can be lowered direct with the drilling cable without the use of blocks. 
Thus if the machine you are using can handle a string of drilling tools 
weighing 1,000 pounds, it is safe to figure that a string of pipe weighing 
2,000 pounds can be lowered by the cable. Taking 4 inch pipe as a basis 
of measurement, this rig would then be able to lower about 200 feet of pipe, 
as the table on page 34 shows that 4 inch pipe weighs approximately 10.72 
pounds per foot. 
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It is best, when using the cable direct, or even when using blocks, to 
have only one or two wraps of the rope on the drum as the hoisting power 
will be much greater than if the drum is full. For re-casing work some 
drillers remove the regular drill cable and then use a short piece of cable 
which they have especially for this purpose. When quite a bit of shallow 
re-casing work has to be done from time to time this is a pretty good plan 
as the rope can be cut to such length that just the proper amount can be 
left on the drum. Also the rope can have a hook spliced onto the low^er 
end, thus making it possible to easily hook into the elevators, casing swivel, 
or whatever is used for handling the pipe. 

If you are going to use your regular drilling cable the tools should be 
unscrewed from the rope socket and laid to one side. In order to handle 
the work rapidly and to do away with the necessity of using a chain, a pin 
hook as shown on page 120 should be screwed into the box of rope socket. 
If a pin hook is not available the regular drive clamps as shown on page 27 
can be fastened to the square of rope socket and then a chain passed over 
the clamps and around the socket and fastened thereto. If yo|i are using 
elevators, or a casing swivel, the chain can be hooked through these before 
being fastened to the socket. 

The chain will prove very satisfastory for short lines of pipe but it 
should never be used where a considerable weight has to be set as it never 
gives warning when about to break and besides, it may become kinked and 
let the pipe drop an inch or two, this slight drop giving enough momentum 
to the pipe to part the line. 

A short drop is something which must never occur when any considerable 
amount of pipe is being lowered as even a drop of an inch or two places an 
enormous strain on the whole hoisting system. One of the most frequent 
causes of these drops is the slipping of rope on the drum, this being caused 
by a strand of the roi)e rolling off of the next higher strand. This can be 
avoided by seeing that the rope winds on the spool evenly. Another cause 
is the pipe * 'hanging up" on a "bump" in the hole. It sometimes happens 
that a "bump" will hold the pipe just enough to allow the rope to slack 
and then when the full weight rests upon the obstruction, the pipe is forced 
on past and drops the full length of the slack which has been let out. To 
avoid this danger the pipe should be lowered slowl\^ and carefully watched, 
and at the first sign that it is not moving down, the brake should be set, or 
if the line has slacked off a slight amount, the hoist should be throw^n in 
gear and the slack taken up. Next let off sufficient slack to allow just 
a small amount of the w^eight of the pipe to rest upon the obstruction and 
then by placing the chain tongs on the pipe, twist it slightly to the right. 
If this does not bring results, allow just a trifle more weight to rest on the 
obstruction and twist again. If you are still unable to move on down then 
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the pipe should be removed from the hole so that a reaming tool can be 
run, and the bump or crook cleaned off. 

It may appear to some that the removing of the full line of casing is 
too troublesome a proposition and they will thus try to force the casing 
on down. While it may be possible in a few cases to force the pipe past 
obstacles, without going to the trouble of reaming, still it is a dangerous 
procedure as sooner or later, if the practice is kept up, the casing will be 
dropped and the amount of time lost in cleaning one hole will be much 
greater than the time saved on several jobs where the pipe has been hoisted. 

Not only is it dangerous to attempt to force casing into a hole, but it 
is also unwise for other reasons as it may involve serious trouble if an at- 
tempt is ever made to remove the casing. It is much better to make every- 
thing right as you go along even if it does seem to take a little extra time. 

Other conditions which will cause trouble in re-casing, are crooked 
holes and flat holes. When these conditions exist it is necessary to run 
the reamer and put things in shape. 

A hole which drifts a slight amount will, as a rule, not be troublesome 
to handle as the casing will adapt itself to the slight variation. However, 
when the turns or bends are of such sharpness that the casing ''hangs up," 
it is dangerous to attempt to force matters as the threads are liable to be 
sprung in the coupling and thus the string of casing may be pulled apart. 

When preparing to set a considerable amount of casing, shear poles 
should be placed out in front of the derrick and blocks and fall lines should 
be arranged as explained on page 167. When blocks are used, it will be 
necessary to remove the drill cable from the drum and thread up the blocks 
with a wire cable as a wire line will prove more satisfactory than any other 
style of rope. 

If an extremely heavy load will have to be carried it will be well to 
block up under the axle which supports the derrick end of machine so as 
to take the heavy strain from off the wheels. 

The tools usually used in re-casing, outside of the drilling rig, shear 
poles, pulley blocks, etc., are elevators, casing swivels, pipe clamps, chain 
tongs and casing pole and rope. There are also a few other special tools 
and appliances which are used and which will be described as we go along. 

The first thing to do in starting a re-casing job, after the surface equip- 
ment has been arranged, is to lay out the casing so that it wmII come to 
hand conveniently. In the majority of cases this can be best done by 
piling up the casing out in front of the hole and in line with the machine. 
The ends of the casing with couplings on them should be pointed towards 
the hole and should not be over 8 or 10 feet from it. Before starting the 
actual work of re-casing, all of the couplings should be carefully examined 
to see that none of the threads are in bad shape, as the work, once started, 
should not be held up on account of troubles which are easily preventable 
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by a little foresight. It is to be supposed that the threads on the pipe are 
protected with safe ends and thus do not need attention. 

The first joint of casing to go into the hole should have a coupling 
screwed onto the lower, as well as the upper end, the bottom coupling 
serving to protect the pipe and prevent crimping. 

Before lowering the first joint into the hole, the pipe clamp shown on 
page 42 should be placed over the hole and spread apart a sufficient dis- 
tance to allow the pi|>e to pass. After the first joint has been lowered until 
the bottom of coupling comes within an inch or two of the top of clamps, 
the clamps should be tightened up until the pipe 
is firmly held. In order to prevent twisting of 
the clamps, two heavy ground timbers should be 
placed close to the hole, one on either side, and 
leveled up so that when the clamiis are drawn 
up, the pipe will hang plumb. 

The tool to use in handling the pipe may be 
either a casing swivel as shown on page 138 or a 
pair of elevators as shown in accompanying cut. 
The casing swivel will prove satisfactory for 
tight jobs but on heavy work the elevators are to 
recommended, as they are not only safer but 
with them casing can be more readily handled. 
Elevators should be used in sets of two as one 
pair should be left on the pipe to hold it until 
the next joint is connected up. When elevators 
are used, it is not necessary to tighten up the 
pil>e clamps each time a joint is lowered as the 
base of ele\'ators is sufficiently broad to straddle the blocks. 

Elevators are made in several different styles, the pair shown in cut 
being known as Fair's Patent, this being one of the best types on the mar- 
ket. Elevators can also be obtained made of either malleable iron or 
wrought iron. For light work, some drillers prefer the malleable iron ele- 
vators owing to their lower cost, but on heavy work nothing but the 
wrought iron ones should be used. 

In connecting np casing each joint should be set up full length of the 
threads or otherwise the string of casing may part should it be necessary to 
take a heavy pull upon it. If the threads are heavily oiled, it will make 
the setting up of the joints much easier. A mixture of va.seline and graph- 
ite as described on page 217 is good dope to use. 

When a long line of casing has to be lowered the weight can be greatly 
decreased by partially filling the hole with water and then screwing a 
casing disc into the coupling on the lower end of casing. A casing disc is 
made of cast iron and is threaded so as to make a water tiglit fit when 
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screwed up. After the casing has been set, the disc can be removed by . 
lowering the drilling tools and striking the disc a blow or two. 

If the casing is used for the purpose of holding out a heavy pressure 
of water, the bottom of the hole for a distance of 6 or 7 feet should be filled 
with drill cuttings which will settle around the outside of casing thus mak- 
ing a tight connection. 

Some drillers when setting casing to hold out a heavy water pressure, 
wrap the bottom of the first joint with several wraps of dry rope, which 
when it comes in contact with the water in the bottom part of hole will 
swell up and assist in making a tight joint. If rope is used it should be 
thoroughly dried out and should be small enough to allow the casing to be 
inserted without binding. 

Should it happen that casing is set in rock so much cracked or creviced 
as to allow the water to drain down along the casing and enter through the 
openings in the rock, it may be possible to seal the rock by dumping stiff 
clay in the hole and puddling it by using the drilling tools. The puddling 
will force the clay into all the seams and if the water pressure is not heavy 
the clay filling may prove sufficient to hold the water in check until the de- 
sired lower stream is struck. If the lower stream rises as high, or nearly 
as high, as the upper stream, it will balance the pressure and prevent fur- 
ther trouble. If, however, a heavy pressure of water is to be cased off, the 
writer would not recommend the clay method, for even should you suc- 
ceed in holding out the water temporarily, the clay filling is liable lo break 
down even long after the well is finished and the repairing under such con- 
ditions will be an expensive undertaking. 

The best plan to adopt under such conditions is to pull the casing and 
drill the hole down below the shattered portion of the rock and then set the 
casing again. 

Pulling Casing. 

As a rule, casing can be pulled with pulley blocks and shear poles as 
rigged up and described on pages 167 and 168, also as explained under 
"Re-casing a Hole." It is, however, sometimes necessary to use the ring 
and wedge device for starting the casing as the sediment may have settled 
so firmly around the outside as to hold it. The use of the pipe driver as 
described on page 169 may also be of assistance. 

After the casing has been loosened the surface equipment should be ar- 
ranged the same as recommended for "Re-casing a Hole," that is, the 
ground timbers should be placed on either side of the hole and the clamps 
placed on top so as to straddle the casing. 

In handling the elevators, the casing is hoisted until the coupling on 
top of the second joint shows up, then the pair of elevators w^hich are not in 
use are fastened around the casting just below the coupling. The hoist- 
ing line is now slacked off and the weight of the full string of tools allowed 
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to rest on this pair of elevators. The first joint of casing is now unscrewed 
and removed, and the same performance gone throngh with for each joint. 
When nnscrewing a joint be sure to see that the upper 
joint of pipe is unscrewing from the coupling and not the 
couphng unscrewing from the second joint, for should the coup- 
ling unscrew from the lower joint, the whole string of casing 
will be dropped. 

In fishing for casing which has been dropped in the hole 
or which has been left in the hole due to the casing pulling 
apart, the tool most generally used is a casing spear. Two 
types of spears are made — Bulldog spears and Trip s|>ears. 
The accompanying cut shows construction of Bulldog spear. 
The Bulldog si)ear gets its name from the fact that when 
it once talies hold it cannot be made to let loose. The Trip 
spear on the other hand, is so constructed that by shoving it 
on down to the bottom of the hole, the slips are pushed up 
along the tool and held from taking hold by being caught by 
a trip or trigger. 

Casing spears are made with regular drilling tool joints 

so as to be used on a set of jars with a stem above, and are 

also made so that they can be used on a string of casing or 

pipe. If there is only a joint or two of casing to be recovered, 

lido the spear can very safely be used on a string of tools, but 

CasiDgspear. if there is quite a bit of lost casing in the hole, the pipe will 

work better and will be safer. 

At times it will be found that the full string of casing cannot be pulled 

all together and under such circumstances a ca.sing cutter is lowered into 

the hole and an amount of casing such as can l)e handled, cut loose. This 

is repeated until all the casing is recovered. 

Sometimes casing is held very firmly in the hole by a large amount of 
sediment on the outside. Under such circumstances long slots are cut in 
the lower joint, these slots allowing the sediment to work itself into the 
inside of the casing, thus making it jwssible to get it started. The tool 
used for this purpose is called a casing splitter and is usually used below a 
set of long stroke jars with a heavy stem above. 
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PARTY. 
Drillii^ Ropes and Cables. 



All ropes are made of fibres taken from certain plants or trees. As 
there are many different kinds of fibres suitable for rope making, we thus 
have a variety of different classes of ropes. The most commonly used 
ropes are made of either jute, sisal hemp, coir, flax, cotton, hemp or Ma- 
nila hemp. 

Owing to tJie fact that Manila hemp can be obtained in long fibres of 
great strength and owing to the fact that water does not damage the fibres, 
manila hemp makes an ideal substance for drilling cables. 

In the beginning of the drilling business rope made from sisal hemp 
was extensively employed, andwhile the sisal fibres are of great strength, 
yet they will not stand rough usage like manila and besides the sisal will 
rot in the presence of water. 

While ropes are made in several different "lays'" or "twists" the only 
lays in which the drill man is interested are the "soft lay" and "hard or 
hawser lay." 

Soft laid rope is usually composed of three plys. each ply being com- 
posed of se\'eral strands which in turn are made up of the fibres. The 
three main plys in this style of rope are always twisted to the left. 

Hard or hawser laid rojie is composed of three main plys, each ply be- 
ing composed of three other plys. This style of rope is in fact simply 
three soft laid ropes twisted together. Inasmuch as the plys of the soft 
laid rope are twisted to the left, the hawser laid rope is formed by twisting 
the three soft laid ropes to the right. As the main plys of hawser laid 
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rope are twisted to the right, and as the plys of soft laid rope are twisted 
to the left it is impossible to splice a soft laid into a hawser laid rope. 

For hollow rod drilling, inasmuch as the rope is not required to go in- 
to the hole, and as rod drilling requires a rope of as great flexibility as pos- 
sible, the soft laid rope is to be recommended. The soft rope is also to be 




Soft I«aid Kope. 

preferred on account of the fact that it can be spliced much more easily than 
the hard rope, and thus is much more convenient for splicing in the swivel 
hook. 

For cable drilling nothing but the hawser laid rope should be used. 
The reasons for this are as follows: hawser laid rope does not untwist as 
easily as the soft rope and thus the rope remains much stronger. Being 
twisted together firmly the rope is much harder than the soft laid rope, and 
thus is not so easily frayed by coming in contact with sides of drill hole. 

Another advantage possessed by having the rope solidly twisted is, 
that as the soft laid ropes comprising the cable cannot untwist, it prevents 
the cuttings from coming in direct contact with the individual fibres of the 
rope. As it often happens that the drilling is done through many feet of 




Hawser I«ai(l Cable. 



water, and as this water is full of sharp cuttings, it is necessary to use a 
rope so constructed as to prevent this grit from entering between the fibres, 
as the presence of any abrasive substance in direct contact with the fibres 
will soon result in parted strands. 

Hawser laid Manila cable for drilling purposes is, broadly speaking, 
furnished in two grades ; one the regular grade of commerce, and the other 
a special grade known as Manila cable, bolted stock. 

The ordinary cable is composed of fibres of varying lengths, and the 
number of strands in a ply range from 16 to 18. 

In hawser laid, bolted stock rope, the fibres are selected, being the 
longest and most perfect obtainable. As all the fibres are long, the strands 
composing the plys can be made smaller and more numerous, thus making 
it possible to twist the rope closer. Where an ordinary hawser laid rope 
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contains 16 to 18 strands to the ply, a hawser laid rope of bolted stock will 
contain from 26 to 28 strands to the ply. 

In drilling, inasmuch as the tools are alternately lifted and dropped, 
the strain comes on the rope intermittently, and thus the rope is success- 
ively stretched and allowed to contract. It is this alternate stretching and 
contracting which causes the greatest wear, as the plies of the rope, rub- 
bing against each other, at the center of the rope, soon fray the fibres. 
Many remedies have been tried in an attempt to prevent this internal fric- 
tion, but as yet nothing has been found which will wholly eliminate the 
trouble. Some rope makers have tried using a soft hemp centre heavily 
lubricated, but this has proven unsatisfactory. Nearly all rope makers 
now lubricate the various plies, composing their ropes, and this is of some 
benefit, but as the oil or lubricant is soon worked out, the effect does not 
last long. 

A drilling cable used in a moist climate will last much longer than one 
used in a dry, hot climate. The reason for this is that the heat drives the 
oil and moisture out of the cable and leaves the fibres dry and brittle. If 
a cable is not to be used for some time it should be taken off the machine 
and placed either in a cellar or some place where the air is cool and moist. 
Should the cable be put in the cellar it should be placed on planks so ar- 
ranged that it will be lifted 5 or 6 inches off the ground. 

Besides the internal friction referred to above, the rope is also subjected 
to a friction against the sides of the hole, which frays the fibres of the 
strands on outside of rope. 

If the hole is kept straight and if the rope is kept at proper tension, 
this external friction is not great, but if the hole is crooked or if the rope is 
run too slack, the wear becomes excessive. Another cause of undue wear 
is the presence of rough places in the drive pipe or casing through which 
the drilling is being done. These rough places are sometimes due to blis- 
ters in the iron, but more usually if there is a roughness in the pipe it will 
be at the ends where the cutting of the pipe has turned the edges inward. 

On small drilling rigs where the holes do not exceed 300 feet in depth 
and the drilling is done altogether with the spudder, it is a good plan to 
run a cable until it shows quite a bit of wear and then reverse the cable by 
putting the end which was in the socket, on the drum. This will even up 
the wear on rope and will make it last longer. 

In buying drilling cable, you should, if possible, buy it of some reput- 
able drilling machine manufacturer, as the manufacturers are in a position 
to know what companies make the good rope and besides they are always 
anxious to furnish their customers with the best. 

There are two rope companies in the United States at the present time 
whose drilling cables are of the very best, but unless the driller buys his 
rope from the drill manufacturers or some very large jobbing house, he will 
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never get any of these cables, owing to the fact that these two concerns will 
supply cable only on long time contracts calling for large amounts. An- 
other reason why these cables are hard to procure is because cables made 
by these two concerns sell for from J^ to 1 cent per pound more than other 
makes of cables and thus most retailers are averse to handling it owing to 
the fact that their profits are not as great as on the cheaper brands. 

We do not mean by what we have just said to cast any reflection on 
the retailers, as in 99 cases out of 100 the retailer is not well enough posted 
on drilling cables to know that by paying J4 to 1 cent more per pound he 
can obtain a far better cable, and as the drill man usually insists on as low 
a price as possible, it is natural to expect that the retailer will buy where 
he can buy cheapest. 

In this connection we desire to add a bit of advice, and that is, insist 
on good cable and be willing to pay a good fair price for same. A good 
drilling cable at 15 cents per pound is much cheaper in the long run than 
a poor cable at 12 cents per pound. 

In buying cable you will note that it is sold by weight. The follow- 
ing table gives the approximate weight, circumference and breaking strain 
in pounds, of the most commonly used sizes. 



Diameter 


Circumference 


Wcigrht 


Breaking Strain 


Inches 


in Inches 


per 100 ft. 


in pounds 


1 


3 


38 


8,500 


1}^ 


3^ 


60 


10,600 


iH 


AVx 


70 


13,600 


I'A 


W^ 


82 


16,400 


IH 


5 


104 


18,750 


1^ 


5J^ 


125 


22,700 


m 


53^ 


138 


27,000 


2 


6 


147 


29,000 


214 


6J^ 


162 


32,000 



To obtain the working strain of a hawser laid rope of given size, di- 
vide the breaking strain by 3.5. 

The size of cable to be used is determined by the weight of tools and 
the depth of hole to be drilled. 

Under "Rock Drilling," it was repeatedly stated that it is necessary to 
drill on the ".spring of the cable," if the best speed is to be made, and in 
order to get this "spring" it is necessary to use a cable of certain size for 
tools of a certain weight. Thus, if tools weighing but 500 pounds are 
hung on the end of a cable 2 inches in diameter, the blow delivered will be 
"dead" as the tools are not heavy enough to stretch the rope. On the 
other hand, if tools of great weight are hung on a small rope, the rope soon 
has all the life pulled out of it, and not only does it lose its "spring", but 
it is soon stretched beyond its limit, and thus a fishing job results. 
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The table below gives an approximate idea of the sizes of hawser laid 
cable usually furnished with different sizes of tools. 

As the size of drilling tools is figured from the stem, this is the only- 
part of tool equipment listed. 

You will note that the table also contains a column covering the depth 
of hole usually figured on being drilled when tools of a certain weight and 
rope of a certain size are used. This column is, of course, not set down as 
an arbitrary standard, but simply as an approximate guide in order to get 
some sort of a comparison between the size of rope, size of tool equipment 
and depth of hole. 

It is readily apparent that under certain conditions, the tool equipment 
will also depend upon the size as well as depth of hole and thus under spec- 
ial cases, when large holes are to be drilled in rock, even though the holes 
are not of considerable depth, it would probably pay to use a very heavy 
string of tools. However, the list as given will be found to cover pretty 
closely the requirements of ordinary well drilling. 

Depth of Hole to 
be used in 

150 ft. 



Size of Stem 




3 


in. 


X 


12 


ft. 


3i4 




X 


12 




3K 




X 


12 




sH 




X 


13 




4 




X 


13 




4 




X 


14 




4 




X 


16 




4 




X 


18 




4 




X 


20 




4 




X 


24 




^i^ 




X 


26 




4m: 




X 


32 





iameter 


of Rope 


iH 


in. 


VA 




VA 




ifi 




iH 




iH 




iH 




VA 




1^ 




vA 




VA 




2 





250 



( ( 



< ( 



300 
350 " 

i I 



350 



400 

500 ** 

700 *' 

900 '' 

1200 " 

1600 ** 

2000 '* 

A close watch should be kept upon the cable at all times, to see that 
no strands are parted. Each time the cable is pulled out of the hole, the 
driller should scan every inch, as it passes before his eyes, and if any 
strands have parted so that the ends project, the rope should be carefully 
examined at that point. 

Probably the most particular point to watch is just above the rope 
socket. At this point, the tremor, which vibrates through the rope at each 
stroke, is suddenly arrested and the tendency is to shear the rope right at 
top of socket. While of course this shearing tendency is not great for any 
one blow, yet the repeated attacks on the cable at this one point, finally re- 
sult in making the fibres so brittle that they easily part. On shallow wells 
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this vibration is not so troublesome, but on deep work the socket must be 
reset quite often. In resetting socket, the rope should be cut off for a dis- 
tance of from 10 to 25 feet, depending upon condition of same. 

After a cable has been completely worn out, it can be sold to junk deal- 
ers, and should bring from 1 1-2 to 3 cents per pound. 
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Knots and Splices. 

Manila Rope. 

Watch the foreman of a rigger gang as they are hoisting a heavy gir- 
der or beam into place and you will notice how carefully he watches all the 
knots and hitches that are made to secure the hoisting rope to the timber. 



One way to join l»o topes. 

You will hear such phrases as "put on a timber hitch," "throw in a half 
hitch," "hang up a cat's paw," and to one unfamiliar with these hitches 
they seem very difficult to make. To those familiar with rope they are but 
the work of an instant. Anyone can tie a knot, but to tie a knot that will 
not jam, and can be easily and quickly untied is the secret of all knot tying. 
A great amount of rope and cordage is destroyed by not being properly 
tied. It has been told of a robber that he tied his horse so tightly he was 
unable to untie him quickly and he therefore had to cut the rope, the part 
left tied to the post furnishing evidence which secured his conviction. 

In joining two ropes together it is necessary to have the rope as strong 
at the splice as at any other part. If it is used for hoisting it should be of 
no larger diameter than the original size of the rope. 



simply unwind (he end« and lay Ihem (ogether. 

Splices can be made very quickly and where a strong, quick splice is 
iired it can be done by unwinding the ends of the rope and by simply 
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braiding the ends together you have^a simple and very strong splic 
is thicker than the original diameter of the rope. 



A very strong and serviceable splice can be made by unwinding one 
strand for several feet and laying the rope together winding one strand into 
the rope as the other is unwound. 



After it is in place unwind the two remaining strands following the one 
which is wound in the opposite direction from the one first laid in. 
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Thus you have two strands laid in opposite directions and ready to 
tuck. This can be done by crossing one end over the other and tucking the 
end under the strand or by drawing the ends in a knot and tucking them 



under the strands as before, thus we have a very strong sphce, and if the 
ends are properly tucked in it will be no larger than the original diameter 



of the rope, and can be used over pulleys or where it is necessary that the 
splice be no larger than the original diameter of the rope. 
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Both Ends spliced together. 

Two ropes can be joined by a square or reef knot. It will hold tight 
and not jam unless with a small size rope. 



Square or reef knol. commonly used to join two ropes logelher. 

Another safe way to join two ropes is a plain bend or a double bend, 
this knot can be untied very easily and is stronger than any part of the rope. 
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A Bowline is very useful where it is desirable to have a loop that will 
not slip at the end of the rope. 

Another form of Bowline which is sometimes used, is made by taking 
the end of the rope llirou);h the opposite way. 



The only safe slip knot is the Running Bowline which will tighten and 
not bind the rope. 

A very safe knot is the Bowline in the Bight. It is a double bowline 
and makes a very strong hitch in the middle of a rope. 
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A very good way to fasten a rope to a becket in a pulley or around a 
beam is two hitches which can be strengthened by taking a round turn also. 
There is a difference of opinion in regard to tying these hitches but either 
of them is very strong. 



A very good way to fasten a rope to a becket or hook, or where it is 
not necessary to remove it, is a half splice, which makes a very neat and 
strong way to securely fasten the rope. By unwinding the rope for several 
turns and starting two strands through, bringing them out between differ- 



ent strands on the opposite side you have the splice started, which is very 
easy to complete, and by trimming the ends they can be tucked under the 
the strands, making it tapered to the end. 
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There are a great many hitches that are useful and very effective when 
used for the purposes for which they are made. 



Halt Splice properly g 



A clove hitch will be found very serviceable for holding the top of a 
post or beam in a perpendicular position. It will bear the strain on either 
side of the knot without slipping, thus a long rope can be used for two guy 
lines. 



A very effective hitch for hoisting and lowering timber in a mine is the 
timber bitch. This is ridiculously simple, yet very effective, and when 
used in connection with a half hitch can be used to keep a piece of pipe or 
timber in a perpendicular position. 
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A Backwall hitch is made by a twist of rop3 which 
to another and can be also safely made with a chain. 



Another effective hitch can be made which is more complex but is use- 
ful for a hook that is strained or much rounded. 



A Cat's Paw is famous for ils enormous strength. It is simply an end- 
less loop and is stronger than any other part of the rope. 
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Another strong timber hitch which is very serviceable, but is rarely 

used, is the Hilliard Bend. This knot will not slip under the most severe 
strain, making it reliable at all times. 



A very good way to fasten the end of a wire or Manila rope to a hook 
or at the top of a bailer is to make a Clove Hitch and tie the loose end to 
the line. This can also be made stronger and more effective by putting in 
a half splice. It will wear a long time and will not draw tight. 



A Rolling Hitch is very useful to fasten one rope to another where it 
is necessary to strengthen it. ' 
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A knot that is useful in tying two large ropes together is what is com- 
monly called a Garrick Bend. It is rather hard to tie, but strong, espec- 
ially for hawser laid rope. 



When a rope is too long it can be shortened very nicely by putting a 
Sheep Shank in the rope. This makes a very good way to shorten it. 

The knot that is easy to tie and liable to slip, also hard to untie, is the 
Granny. This knot is tied by people of all ages, has caused no end of pro- 
fanity in trying to untie it. but still is universally used. It comes as nat- 
ural to tie this knot as does sin, and to untie it — well, cut the rope, that is 
the best way out of it. 

Knot making is a very useful hobby and a liberal education in this 
line conies in handy. Everyone should learn to tie at least the simple knots 
so they may be easily untied. 
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Wire Rope. 

There are a number of different types and kinds of wire rope made up 
to meet different requirements and uses. There are about five standard con- 
structions, not including guy lines, that are in every day use. There are 
many more especially constructed ropes for various usts. 

The standard sizes are principally all made up of six strands ranging 
from 7 to 37 wires to the strand. The strands are all wound on a hetiip center. 

Two types are used in connection with drill work, one for sand lines 
and the other for drilling cable. 

Sand Lines are made of crucible cast steel, composed of 
6 strands, 7 wires to the strand, with a hemp center. These 
are used in sizes ranging from h to ^ on portable drills; 
larger sizes are sometimes used on standard rig outfits. 

]"] in. is suitable for handling bailers 3!^ in. x 12 ft. 
or smaller. The approximate breaking strain is 2.8 tons, 
allowable working strain ^ ton. 

i\ in. sand lines are suitable for bailers Z% or 4 in. x 1$ to 20 ft. long ; 
breaking strain 3.4 tons, allowable working strain ^ ton. 

4^ in. will handle any size bailer that can be handled on a large porta- 
ble drill. The breaking strain is 4.S tons, allowable working strain 1 ton. 

The average weight per foot covering these sizes is 0.12f^, 0,15, 0,22 
respectively. 

Steel Drilling Cables are made from plough steel, (i strands and 19 
wires to the strand, with hemp center and left lay. 



Two sizes are used. ^ in. are used on all portable drills, and \^ in. on 
very heavy standard rigs. 



Cut shows Right Hand I^y aud la not UKd for Drilling Cabin. 

The breaking strain of 5^ in, cable is 13. G tons, allowable working 
strain 3^ tons, weight per foot 0,62. 
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^yi inch cables have an approximate breaking strain of 19.4 tons; allow- 
able working strain 3?^ tons; weight per foot 0.89 pounds. 

The following cuts show the relative sizes of manila and steel ropes of 
equal strength. 



^XU A HAVVS C^ 




Splicing Steel Cables. 



Splicing a steel cable is comparatively easy, even more so than splicing 
a soft laid rope. 

The accompanying cuts are almost self explanatory and with the in- 
structions given, the splice can be made with no difficulty whatever. 

The tools required are a small marline-spike, nipping cutters, and eith- 
er clamps or a small hemp rope sling with which to wrap around and un- 
twist the rope. If a bench vise is accCvSsible, it will be found very conven- 
ient for holding the rope. 

In splicing rope, a certain length is used up in making the splice. An 
allowance of not less than 16 feet for j4-inch rope, and proportionately 
longer for larger sizes, must be added to the length of an endless rope, in 
ordering. 
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Having measured carefully the length the rope should be after splicing, 
and marked the points yl/ and vV {Fig. 1), unlay the strands from each end 
£and E ioM aaA.Af , and cut off the hemp center at v)/and M' , and then: 



First, Interlock the six unlaid strands of each end alternately and 
draw them together, so that the points M and JiT meet, as shown in Fig. 2. 



Second. Unlay a strand from one end, and following the unlay close- 
ly, lay into the seam or groove it opens, the strand opposite it belonging to 
the other end of the tope, until within a length equal to three or four times 
the length of one lay of the rope, and cut the other strand to about the same 
length from the point of meeting, as shown at A {Fig. 3). 
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Third. Unlay the adjacent strand in the opposite direction, and fol- 
lowing the unlay closely, lay in its place the corresponding opposite strand, 
cutting the ends as described before at B (Fig. 3). 

The four strands are now laid in place terminating at A and B, with 
the eight remaining at MM', as shown in Fig. 3. 

It will be well after laying each pair or strands to tie them temporarily 
at the points A and B. 

Pursue the same course with the remaining four pairs of opposite 
strands, stopping each pair about eight or ten turns of the rope short of the 
preceding pair, and cutting the ends as before. 

All the strands are now laid in their proper places with their respective 
ends passing each other, as shown in Fig. 4. 



All methods of rope splicing are identical up to this point; their variety 
consists in the method of securing the ends. One good wa>' is as follows: 

. Clamp the rope in a vise at a point to the left of A {Fig. 4), and 
by a hand clamp applied near A, open up the rope by untwisting sufficiently 
to cut the hemp core at A, and seizing it with the nippers, let your a.ssist- 
ant draw it out slowly, you following it clo.sely, crowding the strand in its 
place until it is all laid in. Cut the hemp core where the strand ends, and 
push the end back into its place. Reino\e the clamps and let the rope 
close together around it. Draw out the hemp core in the opposite direction 
and lay the other strand in the center of the rope in the same manner. Re- 
peat the operation at the five remaining points, and hammer the rope light- 
ly at the points where the ends pass each other at A, A. B, B, etc., with 
small wooden mallets, and the splice is complete, as shown in Fig. B. 
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Wire Cable Used for Drilling. 

Wire Cable is now being used quite extensively for drilling purposes. 
Especially is this so in the deep oil and gas fields when drilling has to be 
done through a large amount of water. 

As wire cable has much less spring than Manila cable, it is necessary 
that some arrangement be made for giving it the requisite amount of spring 
unless the hole exceeds 600 feet in depth, in which case the wire line will 
be of sufficient length to furnish its own spring or stretch. 



Wir« Vai 

On shallow holes it is the usual custom to use either a wire line attach- 
ment or else a piece of Manila rope between the drilling tools and the wire 
cable. If a piece of Manila is used it is fastened into the rope socket in the 
regular way and is fastened to the wire line with a chain and socket ar- 
rangement. If the wire attachment is used it is not necessary to insert the 
Manila line, as the wire cable can be fastened directly into the socket. In 
starting a hole, however, it is the usual custom to use Manila line exclu- 
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sively inasmuch as the Manila is more flexible than the steel and thus is 
better adapted to pipe driving and works on top of the hole. 

Besides the regular wire line attachment devices, there are several other 
mechanical methods of giving spring to the cable, among the most widely 
known being : Springs in rope socket, springs under spudder pulley, 
springs under crown pulley, and, on machines using walking beams, springs 
at end of beam and springs on sampson posts. 

The writer's experience with wire drilling cable has been that it is best 
to drill down at least 300 feet before the wire line is put on. It is also best 
to shorten up the stroke somewhat and thus increase the number of strokes 
per minute. 

The advantages of wire drilling cable can be summed up as follows : 

On deep holes will allow more strokes per minute. ^ 

Will wear longer than Manila. 

Will give a better drop to the tools in a hole full of water. 
Will allow the drilling of a deep hole with a small machine, inas- 
much as a machine capable of spooling 300 feet of 1 5^ inch 
Manila cable will spool at least 1500 feet of ^ inch steel line. 
The disadvantages of the steel cable are : 

It puts a much heavier strain in the machine owing to the fact that 
the wire line has not stretch or spring enough to absorb the 
shock of the falling tools. 
It wears the sheaves rapidly. 
It makes a mean fishing job in case the line parts. 



ORRVILLE, OHIO, U. S. A. 315 

PART VI. 

Pumping Equipments. 

Owing to the fact that no two drilled wells are exactly the same in 
pumping capacity, height to which water will rise, and ' 'strong points, " it is 
necessary that the pumping equipments for different wells should be different. 

If it is possible for the driller to do so, he should install the pumping 
equipment in all wells which he drills, not only for the money which he can 
make out of the business, but because he has an interest in seeing that the 
pumping plants are so installed that they will give the wells a chance to 
show up at their best. 

Many drillers now handle pumps as a side line, and make quite a bit of 
money out of this end of the business alone. Not only does the driller make 
money out of the pumps, but what is of equal importance he knows that 
each well in which he has installed a pump can be depended upon to pro- 
duce the amount of water which it is expected to produce. 

A driller can now buy pumps in lots of one half dozen or more, direct 
from the manufacturers, and by so doing can buy them as cheaply as regu- 
lar pump dealers. Thus, the driller can equip himself for this end of the 
business by a very small outlay. 

If, however, you do not want to order the pumps yourself, you can 
probably make arrangements with some pump dealer, whereby you will be 
allowed a commission on all pump contracts which you secure. 

Inasmuch as you have your machine derrick to work with, a pump can 
be put in in a very short time, and even if you do not get much for the 
work, it is time well spent, as the advertisement which you get by leaving 
your customer with not only a good well, but a perfect pumping plant is 
well worth the time spent. 

In referring to the pump equipments above, the writer means the ordi- 
nary lift or force pumps as usually installed in farm wells and wells for pri- 
vate residences. In wells which are to be pumped for large capacity, the 
installing of pumping equipment often requires a knowledge of special ma- 
chinery and appliances, and this you will not be expected to have, but there 
is no reason why you cannot acquaint yourself with the various kinds of 
deep well and large supply pumps, so as to have a working knowledge of 
them, and thus be able to talk intelligently upon the different systems of 
water elevation. 

The catalogs now published by many pump manufacturers are extreme- 
ly instructive, and it will pay you to send for all such publications, and to 
study them carefully. 

The following instructions are only for the installing of lift and force 
pumps, as ordinarily used in drilled wells, but the general principles in- 
volved are applicable to all classes of pump installations. 
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The necessary parts of a pump are, going from the top downward : 
The Pump Stand, the Pump-rod or Piston-rod, the Discharge Pipe, the Cyl- 
inder, the Plunger and its Valve, the Check or Lower Valve and the Suc- 
tion Pipe. 

Pump Standard — The Pump Standard may be of any convenient de- 
sign so long as it furnishes a handle to operate the pump-rod and a dis- 
charge spout for the water. Years ago, 
when all wells were dug wells, the wooden 
I pump and the well sweep were used almost 

I exclusively, but since the introduction of 

B drilled wells and sanitary appliances, the 

K iron pump has replaced to a great extent, 

IM ^^ its predecessors of poetical fame. For a 

" ^^^ pump standard to be satisfactory, it should 

3? ^^^ be of sufficient strength and rigidity to 

■F^ ^^ stand firmly after being fastened to the plat- 

4^m ^ form, and if the purap is to be operated by 

T • hand it should have a brace extend from 

standard to platform, out in line with han- 
dle to prevent tilting of standard as handle 
is operated. This brace is not necessary if the pump 
is always to be operated by wind mill or pumping 
ja;k, as these appliances give a straight upward pull 
on the pump rod, and thus do not tend to s\vay the 
standard. 

The platform surrounding the well should be of 
good thick oak planks, or else stone or cement, and 
the pump standard firmly fastened thereto. 

If the water has to be lifted from considerable 
depth, say from 75 to 250 feet, and is to be pumped 
by hand, the handle of pump is usually weighted at 
the end, in order to counterbalance the weight of 
pump rods. 

The length of stroke on a hand operated pump is 
usually 6 to 8 inches. When the pump is to be oper- 
ated by power, the stroke varies according to the 
Tvpe of Pump Stand- power iised. On wind mills of average size, the stroke 
■rd«a ordinarily fur- usually raiigcs from 6 to 10 inches. On some of the 
Pump. large irrigation wind mills of the west, the stroke of 

standard or pumping head ranges from 24 to 30 
inches. These larger pumping heads cannot, of course, bs called ordinary 
pump standards, and the writer has mentioned them only to show the devel- 
opment attained by modern wind mills. 
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Where the pump is of the force type, it is provided with a packing nut, 
either around pump rod at top of standard, or else at branch coupling on 
base of the short piece of pipe which fits on base of standard. As different 
kinds of force pumps are made with different arrangements for preventing the 
loss of pressure, no attempt will be made to go into details on this point. 

You will, note, in the reading of pump catalogs, that nearly all pumps 
are described as anti-freezing. This means that there is a small hole drilled 
into the short piece of pipe extending below base of standard, the hole be- 
ing so drilled that it allows the water to run out of the discharge pipe, until 
the water is below the point reached by freezing temperature. If the pump 
extends directly into the drilled well, there is not much danger of freezing, 
if the freeze hole is placed three feet below the surface, but when the pump 
has a three-way connection, thus making it necessary to use an open sub- 
well the top of sub-well must be carefully covered in order to prevent 
freezing. 

Pump Rods — Two kinds of pump rods are now in use. One the 
steel rods, and the other the wooden rods. Pipe is sometimes used for 
rods, but it is becoming more rare, and thus will not be discussed. 

The best steel rods are made of cold drawn annealed steel, and are usu- 
ally furnished in random lengths of approximately 20 feet. 

Steel rods are connected together with couplings, and inasmuch as the 
rods are subjected to a thrust pressure, as well as pulling strain, the threads 
in coupling should extend clear through, so that the rods can be screwed 
into coupling until ends of rod meet. In order to do this it is, of course, 
necessary to cut a good long thread on ends of rods. Some concerns, in 
making couplings, use a tool that cuts a thread completely through from 
one end, and this is an advantage as it prevents cross threads, and thus as- 
sures the ends of rods- meeting. Couplings as a rule are tapped 1-32 in. 
over-size, in order to allow the rod to enter full distance. In cutting 
threads on rods it should be borne in mind, that the hole in coupling is 
1-32 in. over-size, for while it is desired to have the rods meet in center of 
coupling, they should set up rather tight, so that there will be no chance of 
the rods unscrewing, thus necessitating the removal of pump, in order to 
again connect them. 

Owing to the fact that the rod couplings should come about even with 
the discharge pipe couplings, the rods should be so cut that they are ap- 
proximately the same lengths as the corresponding pieces of discharge pipe. 
This applies also to wooden rods, and this point will be discussed under in- 
stalling pumps. 

Couplings for the metal rods are furnished in either malleable iroti or 
brass. The brass is used because it does not rust fast to the rods, but if a 
good thick mixture of graphite and vaseline is used on the threads, the mal- 
leable couplings can be used, and no serious rusting of threads will result. 



218 



THE CYCLONE DRILL CO. 



The following table gives the weight and number of threads per inch 
of the usual sizes of steel rods : 



Size 


Weight per foot 


No. threads to inch 


size 


Weight per foot 


No. threads to inch 


^ 


.37 lbs. 


14 


^2 


.67 lbs. 


12 


A 


.51 lbs. 


12 


H 


1.04 lbs. 


11 



Owing to the fact that the pump rod which comes with the pump 
standard is often not of the same size as the rods used in well, it is neces- 
sary to have Reducer Couplings and the following table gives the sizes or- 
dinarily carried in stock by pump dealers : 

H in. rod to }4 in. rod. ^ in. pipe to I'i in. rod. 

H in. rod to A in. rod. i4 in. pipe to H in. rod. 

fi in. rod to ^ in. rod. H in. pipe to rV in. rod. 

J4 in. rod to iV in. rod. }i in. pipe to H in. rod. 

}4 in. rod to H in. rod. ^A in. pipe to tV in. rod. 

1^5 in. rod to H in. rod. }^ in. pipe to ^ in. rod. 

Wood pump rods are usually used, where the wells are of considerable 
depth, owing to the fact that the wood is lighter than water, and thus the 
rod weight is greatly reduced. 




Wood Rod with Couplings. 

The best wood rods are made of selected white ash, being coupled to- 
gether by malleable iron or steel couplings, which are riveted on ends of 
rods. As wood rods are much larger than those of steel, it is necessary to 
have a larger discharge pipe in order not to decrease the capacity of pump. 




Couplings used on Wood Rods. 

Thus the installing of a pump with wood rods costs more, not alone for the 
rods, but for the extra large discharge pipe which it is necessary to use. 
However, the use of the large pipe is an advantage as it greatly reduces the 
friction of the ascending water, thus lessening the power required to operate 
the pump. 

The following table gives the dimensions and capacities of different 
sizes of Octagon White Ash Rods : 









Size Cylinder 


Weight 


: in lbs. per ft. 
in 20 ft lengths 


size Rods 


Size Coupling 
Pin, incnes 


Size Pipe 


adapted to 


of Rods 


Inches 


Inches 


Inches 


witJ 


1 couplings 


1^ 


Vs 


2 


vA 




.43 


iH 


H 


214 


2M 




.72 


\H 


H 


3 


2Vx 




1.02 


vA 


1 


3% 


ZVx 




1.53 


2H 


vA 


4 


iVi. 




1.86 


2}i 


VA 


4^ 


r4 




2.19 
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fe Pipe — On a lift pump the discharge pipe is the pipe con- 
necting top of cylinder to bottom of pump standard. 

On a force pump the discharge pipe has to be figured as made up of 
two units. One unit being the pipe connecting the top of cylinder to bot- 
tom of pump standard or branch coupling, the other unit being the pipe 
leading off from pump to point to which the water is to be forced. 

The size of pipe to be used between the cylinder and pump standard 
depends upon the size of cylinder and also upon the size of pump rods. 
The following table gives sizes of discharge and suction pipes generally rec- 
ommended for cylinders of different sizes, when metal pump rods are used : 

Diameter Cylinder, inches 2 iVx iVt iVa. 3 35^4 

Diameter Discharge Pipe, inches IJ^ \Vx \\i \\i \li VA 2 
Diameter Suction Pipe, inches 1}^ iM V/i 1}{ V/i 1^2 

The table shown on page 218 shows the size of discharge and suction 
pipe usually used when wooden pump rods are specified. 

You will note from the table on page 218 that the internal diameter of 
pipe is slightly larger than the diameter of cylinder. This is for the purpose 
not only of making the pump work easier, but also for allowing the with- 
drawing of the pump plunger without the necessity of taking the pump out 
of the well. Thus, when it is desired to place new leathers on the plunger 
or make any repairs on same, the pump head or standard can be removed to 
one side and the rods with plunger can be pulled from hole without dis- 
turbing the rest of the equipment. This is not such an advantage in shal- 
low wells, but it is of great importance on deep wells as the removal of 
several hundred feet of pipe from a well involves a large amount of work. 
While a pump having a discharge pipe as large or larger than the cylinder 
will pump easier than when a smaller pipe is used, still in ordinary pump 
installations it is customary to use a pipe of smaller diameter owing to its 
lower cost and also owing to the greater ease with which it is installed. 

Pump manufacturers, in giving specifications of a pump, usually state 
that it is either tapped for a certain size of pipe, or that it is provided with 
a set-length pipe of certain size and as the discharge pipe should be of a size 
to fit the tapped opening or else of the same size as the set-length, you will 
know the size of discharge pipe to use on each type of standard. 

If you are installing a force pump and the water is to be elevated to 
any considerable distance above the pump, the discharge pipe should be 
provided with an air chamber either in the pump or else along side of the 
pump. The air chamber forms a cushion and thus prevents sudden shocks 
or strains being thrown on the plunger. 

As a rule galvanized pipe is used for discharge pipe, and inasmuch as 
the pipe is of small diameter and the water does not remain long in contact 
with the galvanized surface, it usually proves satisfactory. Where pipe 3 
inches or larger in diameter is used, the regular black iron pipe is best. 
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When regular merchants pipe is used the diameter of the largest dis- 
charge pipe which will go into a well of given size can be found by figuring 
the external diameter of couplings. Coupling diameters will be found in 
table on page 38. If it is desired to have the largest possible discharge 
pipe, flush joint pipe or casing can be used. See description of flush joint 
on page 35. 

If the drive pipe used in the well has been plugged and reamed, so as 
to be perfectly smooth inside, and the hole in rock (if the well has been 
made in rock) has been kept full size and true, a clearance of /4 in. between 
external diameter of discharge pipe couplings and inside of drive pipe will 
be ample. 

If, however, the drive pipe is ordinary pipe, a clearance of H in. 
should be figured so as to allow for blisters or bumps. 

The following tables will be of assistance in figuring capacities of, and 
strains in, discharge pipe of different sizes : 

Weight of Water Contained in One Foot Length of Pipe of 

Different Sizes. 



Size 


Pounds 


size 


Pounds 


size 


Pounds 


>i 


.086 


2 


1.372 


4 


5.488 


1 


.343 


2/2 


2.159 


4K 


6.958 


IV 


.537 


3 


3.087 


5 


8.575 


IH 


.774 


3^ 


4.214 


6 


12.318 



To obtain the weight of water in pipe of any given length, multiply 
the weight per foot of water in that particular size of pipe as given in table, 
by the total length of pipe. 

Pressure of Water per Square Inch for Different Heights. 



Feet High 


Pressure per 
Square Inch 


Feet High 


Pressure per 
Square Inch 


Feet High 


Pressure per 
Square Inch 


1 


.43 


8 


3.46 


50 


21.65 


2 


.86 


9 


3.89 


CO 


25.99 


3 


1.29 


10 


4.33 


70 


30.72 


4 


1.73 


15 


6.49 


80 


34.65 


5 


2.16 


20 


8.66 


90 


38.98 


(> 


2.5^ 


30 


12.9.) 


100 


43.32 




3.03 

i 


40 


17.32 


• • • 


• • • • 



To obtain the pressure per square inch for any height not given in ta- 
ble, multiply the pressure per square inch in a pipe 1 foot high, which the 
tabk shows Xq b^ 0.43 pounds, by the total height of pipe. 
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Friction of Water in Pipes. 



Friction loss, in pounds per square inch, for e .ch 100 feet of length of different sizes 
of clean iron pipe discharging given quantities of water per minute. 



Gallons 






SIZES 


OF PIPES, 


INSIDE DIAMETER, 


IN INCHES 








per 
Minute 


y^ 


1 


IX 


\% 


.2 


2,^ 


3 


4 


6 


8 


10 


12 


14 


16 


18 


5 


3.3 
13.0 
28.7 
60.4 
78.0 


0.84 
3.16 
6.98 
12.3 
19.0 
27.6 
37.0 
48.0 


0.31 
1.05 
2.38 
4.07 
6.40 
9.15 
12.4 
16.1 
20.2 
24.9 
56.1 


0.12 
0.47 
0.97 
1.66 
2.62 
3.75 
6.(^ 
6.52 
8.15 
10.0 
22.4 
39.0 


0.05 
0.12 
0.30 
0.42 
0.51 
0.91 
1.20 
1.60 
2 00 
2.44 
5.32 
9.46 
14.9 
21.2 
28.1 
37.5 






















10 






















15 


0.11 
0.15 
0.21 
0.33 
0.45 
0.52 
O.ftj 
0.81 
1.80 
3.20 
4.89 
7.0 
9.46 
12.47 
19.66 
'28.06 


















20 








 •• a • • • 












25 


0.10 
0.11 
0.17 
0.22 
0.28 

o.:« 

0.74 
1.81 
1.99 
2.85 
3.H6 
5.02 
7.76 
112 
15.2 
19.5 
25.0 
30.8 






80 








•• •  •• • 











35 




•• •••  




40 


















45 




















50 






0.09 

0.17 

0.38 

0.53 

0.60 

1.0 

1.22 

1.89 

2 66 

3.IJ5 

4.7H 

6.01 

7.43 
















75 








100 


0.05 














125 




















150 


0.10 














175 












200 










017 
0.26 
037 
0.50 
65 
O.Hl 
0.96 
2.21 
3.88 














250 








017 
0.09 
0.12 
0.16 
0.20 
0.25 
0.5!) 
O.M 
1.46 
2.09 


03 
0.04 
005 
0.06 
0.07 
0.09 
0.18 
082 
0.49 
0.70 
0.95 
1.23 

*• % •  • a 


0.01 








300 














850 












0.02 

0.04 
0.08 
13 
0.20 
0.29 
0.88 
0.49 
0.63 
0.77 
1.11 








400 














•«»>• ••• 






450 
















500 


0.017 


0.009 


0005 


750 
















1000 


















0.062 


0.086 


020 


1250 




















1500 




















0.135 


0.071 


0040 


1750 




.* ■•■■■• 










•«• ■«••■ 


•■■•a ••» 


• « ••  •  




2000 
2250 


0.234 


0.128 


0.071 


2500 


O.Stti 
0.515 
0.697 
0.910 


0.188 
0.267 
0.365 
0.472 
0.5«{ 
0.730 


0107 


3000 
























150 


&iOO 
























0.204 


4000 






263 


4500 
5000 






• 






 • • • • • • 














o;«3 

0408 
































Comparative 

Dsichar^ng* 

Power of Pipes 


1 


1.75 


2.76 


5.66 


9.88 


15.59 


32. 


88.2 


181. 


316.2 


316.2 


733 4 


1024. 


1375. 



Pump Cylinder — The cylinder is probably the most important part 
of the whole pump equipment. It is the business end of the outfit, all other 
parts of pump equipment being assembled and arranged with a view towards 
making its operation as perfect as possible. 

While a cylinder is spoken of as though it were a single thing, it is 
really composed of several parts which are designated as follows : Body or 
shell, top attachment or cap, bottom attachment or cap, plunger (consist- 
ing of cage, poppet valve, follower and leather packing), and the lower 
valve. 

Cylinder shells as regularly furnished for drilled wells are of three gen- 
eral types, cast iron, brass lined and all brass. 

The cast iron shell is cheapest in first cost and will prove very satisfac- 
tory if the water does not have to be elevated over 15 or 20 feet. When the 
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lifts exceed 20 feet, a brass or brass lined cylin- 
der should be used, owing to the tact that the 
iron surface wears the leathers of plunger very 
rapidly when the pump is worked against a 
heavy back pressure. 

Iron cylinders are also unsatisfactory on ac- 
count of their tendency to rust. In fact, in some 
wells with water having a high mineral content, 
it is absolutely impossible to use cylinders of 
iron, owing to the rapidity with which they are 
eaten out. 

A brass lined shell makes a good strong cyl- 
inder and is very satisfactory if well made, but 
inasmuch as it is necessary to use outside caps 
or attachments, these cylinders can be used only 
in wells having a diameter considerably larger 
than the internal diameter of cylinder. This is 
a strong objection when it is desired to pump the 
well to its capacity. These same objections apply 
the all iron cylinder. 

The all brass shell is made of seamless drawn 
brass and makes the most satisfactory all round 
cylinder. This style of shell can be furnished 
with either inside or outside top and bottom at- 
tachments, and thus a cylinder of the very larg- 
est possible size can be used in a well of given 
diameter. Another advantage of the all brass 
shell is that it is not affected by minerals present 
in ordinary well waters. 

Another type of shell which is now coming 
into use quite extensively is a shell of wrought 
steel with brass lining and malleable top and 
bottom caps. This makes an extremely strong 
cylinder, its only objection being its outside top 
and bottom caps which reduce the size of cylin- 
der which can be used in a given sized well. 

This type of cylinder is sometimes provided 
with a drive point connection and driven into the 
ground, but as in has been proven conclusively 
by hundreds of tests, that shallow gravel water 
is not healthful, the WTiter does not recommend 
this style of well. 
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The following table gives the forms in which the different kinds of cylr 
inders are to be obtained : . 

All Cast Iron. Cast Iron, Brnss Lined. Cast Steel, Brass Lined. All Brass. 

Outude caps only. Outside caps only. Outside capa only. Outside caps. 

Inside caps. 

Besides the regular types of cylinder shells described above, the shell 
is sotnetims formed from the inside of the drive pipe of the well. Where 
the drive pipe is to be used for this purpose, a special piece of pipe having 
a smoothed inside surface should be inserted between two 
of the joints of pipe so that when the full line of pipe is 
driven the smoothed section will come at the right point. 
Inasmuch as nearly all wells in which this kind of shell is 
used are made in gravel, and inasmuch as in making gravel 
wells the lower end of pipe generally ex- 
tends into the water bearing gravel stratum, 
it is the usual practice to put the smoothed 
section on the bottom of drive pipe. The 
check valve for this style of cylinder is in- 
serted after the pipe has been driven, being 
fastened to the pipe with a special tool. 

The type of cylinder just described is 
rarely used in wells exceeding three inches 
in diameter, its use being confined mainly 
to wells 2 to 2 54 in. in size. The advant- 
ages which it possesses are, that the cylin- 
der is the full size of pipe, thus allowing of 
pumping the well to the maximum, and 
also it is not necessary to use any extra 
discharge pipe, the drive pipe serving this 
purpose. I 

Its disadvantages are that the pipe i 

Cylinder vith wears Tough, thus Cutting out the leathers | 

rapidly, and if anything gets wrong with 
the check valve and you cannot get it out, you stand a good 
chance of losing the well. Another trouble is that if the 
well pumps much sand, the pijw is soon cut so that the cylinder with 
leathers do not hold the water. inside c»p. 

However, as this style of well requires only the driving 
of 2 in. pipe, it can be installed at small cost and is very satisfactory where 
a moderate supply of water is desired. 

When it is necessary to place the cylinder at any .considerable depth, 
say 150 feet or greater, it is the usual practice to use a cylinder of consider- 
able length, in order to obtain a long pumping stroke. 
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Capacity of Different Sized Cylinders and Horse Power 
Required for Different Depths of Wells. 
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.78 


.94 


1.09 


2 


2 


4 


16 


12 


40 


1566 


.125 


.31 


.47 


.62 


.78 


.94 


1.09 


2 


2 


4^ 


10 


6 


40 


991 


.075 


.19 


.28 


.37 


.47 


.56 


.75 


2'A 


2 


454 


12 


8 


40 


1321 


.125 


.31 


.47 


.62 


.78 


.W 


1.09 


254 


2 


4^ 


14 


10 


40 


1652 


.15 


.37 


.56 


.75 


.94 


1.12 


1.31 


2'^ 


2 


454 


16 


12 


40 


1982 


.175 


.44 


.(J6 


.87 


1.08 


1.31 


1.53 


254 


2 


5 


10 


6 


40 


1224 


.12.=> 


.31 


.47 


.62 


.78 


.94 


1.09 


3 


254 


5 


12 


8 


40 


1332 


.125 


.31 


.47 


.62 


.78 


.94 


1.09 


3 


254 


5 


14 


10 


40 


20-10 


.175 


.44 


.(t6 


.87 


1.08 


1.31 


1.58 


3 


2'^ 


5 


16 


12 


40 


2448 


.2 


.5 


.75 


1. 


1.25 


I.tO 


2. 


3 


2 '4 


i^V7 


10 


6 


40 


1481 


.125 


.31 


.47 


.62 


.78 


.in 


109 


3 


254 


5^ 


12 


8 


40 


1947 


.175 


.44 


.(J6 


.87 


1.08 


1.31 


1.5;^ 


3 


2h 


ftH 


14 


10 


40 


24 ($8 


.2 


.5 


.75 


1. 


1.25 


1.5 


2. 


3 


2Vi 


5^2 


16 


12 


40 


awi 


.25 


.62 


. M 


1.25 


1 US 


1.87 


2 19 


3 


254 


G 


10 


6 


40 


1762 


.175 


.44 


.66 


.87 


1 08 


131 


1.53 


4 


4 


« 


12 


8 


40 


2450 


.2 


.5 


,75 


1. 


1.25 


1.5 


2. 


4 


4 


6 


14 


10 


40 


21W7 


.2.') 


.(52 


.94 


1.25 


1. 6 


1.87 


2.19 


4 


4 


H 


16 


12 


40 


;iVi5 


.3 


.75 


112 


1.5 


1.87 


2.25 


3. 


4 


4 


7 


10 


6 


40 


2299 


.2 


.5 


.75 


1. 


1.25 


1.5 


2. 


45-^ 


45^^ 


7 


12 


8 


40 


2798 


25 


.ffi 


.94 


1.25 


1.56 


1.87 


219 


454 


454 


7 


14 


10 


40 


3jn»8 


.375 


\W 


14 


1.87 


2.34 


2.81 


375 


4»4 


4 '4 


7 


16 


12 


40 


4798 


.45 


1.12 


l.(« 


2 25 


2.81 


3 37 


45 


454 


45^ 


8 


10 


6 


40 


3i:i3 


.3 


.75 


1.12 


15 


1.87 


225 


3. 


6 


« 


8 


12 


8 


40 


4177 


..M75 


.94 


14 


1.87 


2.34 


2.S1 


375 


6 


6 


8 


14 


10 


40 


5222 


.45 


1.12 


1 f8 


2.25 


2.81 


3 37 


4 5 


6 


6 


8 


16 


12 


40 


(»2(i<{ 


.5 


1.2.5 


1 S7 


2 5 


3 12 


3 75 


5. 


6 


6 



The above table is theoretical — to get. actual H. P. multiply by 2. 

The power stated is approxinialerl , as it is impossible to determine exactly the loss 
of power in friction. For wells from 1 oO to 200 feet deep, not over *20 strokes per min- 
ute is possible, unless very heavy machinery is used. 

The capacity given in above table is based on 40 strokes per minute. 

To find the capacity of any sized cylinder with less than 40 strokes per minute, deduct 
one fortieth part of the capacity given for each stroke less than 40 strokes per minute. 
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Inasmuch as a column of water 150 feet or more in height exerts a 
great pressure on the plunger, and inasmuch as water is absolutely incom- 
pressible, it is very necessary that the plunger be operated slowly in order 
to give the water column time to start without shock. By using the long 
cylinder, the water column is stopped and started less frequently than in the 
short cylinder, and thus the pumping capacity can be increased without 
putting additional stress on the pump standard or pump rods. 

The follownng table shows the total downward pressure exerted on 
plungers of different diameters, on lifts of different heights, while on page 
224 will be found table giving capacity of different sized cylinders and 
power required to operate same in wells of different depths. 

Table of Plunger Loads, in Pounds. (Estimated). 



I«ift in Feet 



50 
75 
100 
r2i5 
150 
175 
20O 
225 
250 
276 
800 
350 
400 
450 
500 
550 



DTAMKTER OF CYLINDERS 



2>^ 



120 
ltt5 
2fl0 
820 
385 
4:)0 
515 
580 
MH 
710 
775 

nuo 

10(« 
1100 
12U0 
1415 



3 

IHO 


^'A 


4 

807 


4>i 


5 


6 

775 


7 


8 


9 


240 


884 


562 


a')6 


1228 


1377 


270 


800 


400 


576 


84o 


1105 


1485 


1840 


2065 


800 


480 


015 


770 


1125 


1550 


1910 


24r>> 


2755 


450 


000 


770 


900 


1105 


1940 


2:^90 


8070 


:i440 


5-K) 


720 


020 


1150 


1985 


282.5 


2870 


3085 


4130 


080 


H40 


1075 


1.H4.5 


1970 


2710 


:c«o 


4800 


4820 


720 


000 


1280 


15:« 


2250 


8100 


8825 


4910 


5510 


810 


lOHO 


18H0 


17:^0 


2580 


ai90 


4:«)0 


.>525 


(1200 


000 


1200 


1585 


1020 


2810 


;W75 


4780 


6140 


6885 


WO 


1820 


imo 


2110 


8090 


4200 


5260 


6755 


7570 


lOrtO 


1440 


l^MO 


28a') 


a870 


4ft-)0 


5740 


7870 


82<10 


]2fl0 


HM) 


21.t0 


2090 


8985 


»425 


6(190 


8600 


otno 


1440 


1020 


24.« 


8075 


4rm 


6200 


7U'J0 


W25 


11015 


1020 


2\m 


2700 


8400 


.•JOOO 


6075 


WlOO 


11000 


12400 


IWO 


2400 


3070 


8840 


5({20 


77.'i0 


95<{0 


12580 


i;S770 


lOHO 


2040 


aS75 


4225 


6180 


8')20 


ia515 


18510 


15145 



10 



1700 

2550 

8400 

4250 

5100 

5ft")0 

(iSOO 

7650 

8500 

0850 

10200 

IHKX) 

1.8000 

i.5:wo 

17000 
18700 



In installing a pump in a drilled well, the cylinder should be placed so 
that it will be always below the water. By so placing it, there will never 
be any necessity for "priming" the pump, and besides the efficiency of 
pump will be the greatest, as the cylinder at each stroke will be entirely 
filled and this is something very hard to accomplish when the cylinder is 
filled by suction. 

As previously explained, each well has its varying "strong points" and 
it should be the driller's aim to set the cylinder deep enough to pump from 
the desired "strong point" without lowering the water below the bottom of 
cylinder. Thus if 15 gallons per minute is the maximum amount to be 
pumped, the cylinder should be placed at a point giving 15 gallons per 
minute. 

Some pump men, in order to be on the safe side, as they say, put the 
cylinder several feet below the proper point, claiming that it is best to be 
sure. 
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Table Showing Amount of Water Discharged per Stroke 

by a Pump 

The Diameter of Cylinder and LengrtKi of Strolce Being Known. 



« e c 

a I- 



1 
IK 

2 

2K 

3 
3K 

H^ 
4 

4% 
•> 

/ 

8 
9 
10 



LENGTH OF STROKB IN INCHES, WITH CAPACITY 

PSR STROKE IN GALLONS 



.O0A4 

.(xm 

.0076 
.0104 
.0L% 
.0172 
.0212 
.0257 

.035!! 
.041(5 
.047J) 
.0r>44 
.0(^88 
.0840 
.1028 
.1244 

.Km 

.2176 
.2754 
MOO 



.0068 
.0106 
.OLW 
.0208 
.0272 
.0^4 
.042.) 
.0514 
.0612 
.0/l» 
.0833 

.1088 
.i;J77 
.1700 
.2057 
.2448 
.3:tl2 
.4:«2 
.5508 
.6800 



.0102 
0.15U 
0.22S) 

.an2 

.0408 
.0516 
.06:r7 
.0771 
.0918 
.107S 
.1249 
.14.T5 
.Ifttt 
.2065 



.J«85 
..%72 

Asm 

.ft)28 

.8262 

1.0200 



.oi:w 

.0212 
.0:W6 
.0416 
.a>14 
.0688 
.0850 
.1028 
.1224 
.14:^8 
.166({ 
.1914 
.2176 
.2754 
.:M00 
.4114 
.48]K{ 

.mM 

.8704 
1.1016 
l.:)600 



5 


6 


7 


.0170 


.0201 


.0238 


.0266 


.0:n9 


.ar72 


.at82 


.045«) 


.ft>35 


.0521 


.0625 


.0729 


.0(W0 


.0816 


.0952 


.0860 


.law 


.120)5 


.1062 


.1275 


.1487 


.1-285 


.ir>43 


.1800 


l.VW 


.mui 


.2142 


.17i».5 


.215<$ 


.♦2.515 


.2082 


.2499 


.2iU5 


.2:«>:{ 


.2871 


.:tJ50 


.2720 


.tmi 


.;W08 


.;M42 


.4131 


.4819 


.4i)0 


.5100 


.5950 


.5142 


.6171 


.7HW» 


.6120 


.7344 


.856K 


.8;t» 


.9i>96 


1.1662 


1.0880 


l.:W56 


1..5232 


1.3/70 


1.6.524 


1.9278 


1.7000 


2.aioo 


2.;woo 



8 



.0272 
.0425 
.0612 
.08:t3 
.1088 
.1377 
.1700 
.'2057 
.2448 
.2875 

.3828 

.4.352 

.5508 

.6800 

.8228 

.97{>2 

l.:W28 

1.7408 

2.2ft32 

2.7200 



10 



.ftMO 

.05.31 

.0765 

.1041 

.1.360 

.1721 

.21-25 

.2.571 

.3060 

.:WM 

.4165 

.4785 

.5440 

.<{885 

.8500 

1.0285 

1.-2240 

1.6({60 

-2.1760 

2.74;')0 

3.4000 



12 



.0408 
.Oft37 
.0918 
.1249 
.lft32 
.2071 
.'25.50 
.:»85 
.:»I72 
.4313 
.4«W 
.5743 
.(J528 
.8262 
1.0200 
1.2.342 
1.4688 

\.\mr2 

'2.6112 
3.;»48 

4.0800 



Gal. 



Diameter 

and Areas of 

Ciiclcs 



.5 ** .- 

■tr — ,C O 

4; C C S 

B 5"" , ^ 



1 

IK 

IK 
*2 

2K 
21^ 
2V, 
.3 

.•<K 

3»^ 
:t^ 
4 

Va 
5 

5>.^ 

6 

7 

8 

9 

10 



B C 



.7854 
1.2271 
1.7671 
2.404;) 
3.1416 
3.9760 
4.90K7 
i 5 WVKi 
7.0686 
8.'2»57 
9.6211 
11.044 
12:166 
15.IH)4 
19.635 
•23.7.58 
'28.-274 
:V<484 
50 '265 
63.617 
78.->40 



In the above table the capacities are figured on single acting, one cylin- 
der pumps only. For finding the capacity of Duplex and Triplex single 
and double acting pumps, and double acting hand pumps, increase the ca- 
pacity accordingly. Thus a five inch single cylinder pump would have a 
capacity of .51 gallons per six inch stroke, a Duplex pump would be double 
this amount, a Triplex single acting pump three times, a Triplex double 
acting pump six times the amount, and so on. 

To obtain the capacity of a pump with diameter of cylinder given in the table, 
but with a longer stroke than 12 inches (the longest stroke given in table), add or mul- 
tiply the capacily to represent the required length of stroke. 

For instance: The capacity of a cylinder with an IS inch stroke would be the 

same as that (having the same diameter) of a 12 inch stroke cylinder, added to the ca. 

pacity of a (i inch stroke cylinder ; or the same result may be obtaine^l by multipl3ing 

the capacity of a cylinder with inch stroke by :\. 

To obtain the amount of water discharged ])er minute, multiply the capacity 

per stroke by the number of strokes per minute. 
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This, in the writer's opinion, is bad practice as it increases the length of 
column of water above the plunger, thus adding to the strain on the pump. 
While it is true that the column of water on outside of cylinder balances the 
column inside, for the distance which the cylinder is submerged, still by in- 
creasing the height of water above plunger, even though it is balanced by 
water on outside, the strain on pumping machinery is increased, owing to 
the larger total amount of water to be handled. 

If it is desired to give the pump a margin of safety, it can be done by 
putting a short piece of suction pipe below the cylinder. By using the suc- 
tion pipe, the available drawing area of the cylinder is increased without in- 
creasing the height of water above plunger, and even if by excessive pump- 
ing the water is drawn below the cylinder, it will, as soon as the excessive 
pumping is stopped, instantly rise to its old point above the cylinder. 

In figuring on a pump for a certain well, the capacity of well must be 
taken into consideration and a pump of the proper capacity installed. Thus 
it would be a waste of money to install a pump of 25 gallons per minute ca- 
pacity in a well which will supply only 10 gallons. Not only is money 
wasted in buying such a large pump, but what is worse still, the large pump 
will prove unsatisfactory owing to the fact that unless it is pumped very 
slowly, the well will be exhausted and the cylinder will *'draw air." 

On the other hand it is bad practice to put a small pumping equipment 
in a well which is expected to produce a large amount of water. If the 
equipment is too small it will be necessary to operate it above the proper 
speed and when this is done excessive wear results. 

The table given on page 224 shows the number of gallons per hour 
pumped by cylinders of different sizes when run at the rate of 40 strokes 
per minute and while this number of strokes per minute is of course excess- 
ive for deep wells, it nevertheless serves as a basis from which to figure. 

On page 226 will be found a table giving the numl^er of gallons dis- 
charged at each stroke by cylinders of different sizes. 

When wells are to be pumped by hand or by the ordinary 6 to 10 foot 
wind mills, there is another element besides capacity which enters into the 
calculation, this being the element of power. 

As shown by the table on page 224 the amount of power required in- 
creases quite rapidly as the diameter of cylinder and depth of well increase. 

In figuring on hand pump and on small wind pump installations, it is 
now the practice to make a sort of compromise between capacity wanted and 
power available, in order not to make the work too heavy. 

While there is no inflexible rule to be followed, still experience seems 
to settle on the sizes given in the following table. 
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Approximate Diameters of Cylinders for Hand and Wind Mill Pumps. 



Depth of Well in feet (or less) 



Largest Diameter of Cylinder in inches 

Smallest Diameter of Suction and Dis- 
charge pif)es in inches 



25 
4 




50 
3 


75 


100 


loO 


•1% 


•> 


\% 


\v* 


1^ 


\% 


IX 



200 



2 



IV 



Before placing a cylinder in a well, it should be taken apart and exam- 
ined to see that all the parts are in working order and that no obstructions 
are present to interfere with their proper action. 

A little time spent in this inspection may prevent the necessity of hav- 
ing to remove the pump equipment after same is installed. 

In examining a cylinder see that the leathers are securely fastened in the 
plunger and that they fit snug against the shell. Examine the poppet valve 
in plunger to see that it seats properly and w^orks freely and also inspect the 
lower or check valve. If all parts are in good order they can be replaced, 
the cups screwed onto shell and the cylinder is ready for the well. 

Suction Pipe — In a drilled well a suction pipe, excepting under spec- 
ial condition, should play a very small part. 

In the great majority of pump installations, the cylinder can be placed 
below the water and thus the onl}' use of suction pipe is to give to the cyl- 
inder a margin of safety in case of excessive pumping. For this purpose a 
piece of pipe 12 to \h feet long wuU be sufficient. 

In those special cases where a suction pipe has to be used, 3'ou should 
be very careful to see that no holes are present in the pipe and also to see 
that where joints are made, the threads are liberally supplied with a "filler*' 
and the joints well set up. Even a small leak in a suction pipe will de- 
crease the efiiciency of pumping plant very materially. 

As pumping by suction depends upon producing a vacuum, or partial 
vacuum, into which the water is forced by atmospheric pressure, and inas- 
much as this pressure decreases as the elevation above sea level increases, 
the efficiency of a suction pump depends not only upon the excellence of the 
construction of the pump, but also upon the geographical location of the 
well, in which it is to be used. 

The outside limit for raising water vertically by suction is 33 J^ feet, 
and this can be done only at sea level and when a perfect vacuum is formed. 

Ordinarily, 25 to 28 feet is the limit, but pump manufacturers as a rule, 
even on a first class job, do not recommend over 20 feet of perpendicular lift. 

The following table gives the height to which it is possible to raise 
water by suction, at different elevations above sea level, if a perfect vacuum is 
formed and also gives the height it is safe to figure on for ordinary pumps. 
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Barometric Pressures at Different Altitudes 
With Equivalent Head of Water and the Vertical Suction Lift of Pumps. 



Altitude 



Barometric Pressue 



Sea Level 14 70 lbs. 

J^ mile (WiO tt ) above sea level.... 14()2 lbs. 

Vtj mile (2W0 ft.) above .sea level.... 18 :« lbs. 

^ mile mm ft ) above .sea level... 12 Wl lbs. 

1 mile (o'iW) ft ) above .sea level.... 12.02 lbs. 
V4 miles (tttKM) ft.) above sea level....: 11-12 lbs. 
1 4 miles (7»2« f t ) above .sea level... 10 SH lbs. 

2 miles(i05«0 ft.) above sea level... j 9 SS lbs. 



per .sq. 
jjer .sq. 
per sq. 
uer .s<|. 
per .s<|. 
per sq. 
per .sq. 
per sq. 



III. 
in. 
in. 
ill. 
in. 
in. 
in. 
in. 



Equivalent Head 
of Water 

:W ft") ft. 
32.38 ft. 
80.7» ft. 
29.24 ft. 
27. 7B ft. 
2H.3K ft. 
25.18 ft. 
22.82 ft. 



Practical Suction 
IJft of Pump 



:i"i ft. 
24 ft. 
ii ft. 
21 ft. 
20 ft. 
19 ft. 
18 ft. 
17 ft. 



Some pump setters use a screen in the bottom of the suction pipe but 
this is of no advantage except when wells are made in sand or gravel or 
under special conditions, which points will be more thoroughly discussed 
under "Setting Screens." 

Installing the Pump. 

As stated under "Pump Standard," "Discharge Pipe," "Pump Rods," 
"Pump Cylinder," and "Suction Pipe," it is necessary that the various 
parts making up a pump equipment be of proper size and proportion if the 
best results are to be obtained. Not only is the above true, but it is also 
necessary that the parts be properly assembled if the installation is to give 
the best satisfaction and the longest wear. 

By referring to page 216 it will be noted that ordinary hand pump and 
wind pump standards give a stroke of from 6 to 10 inches. You will also 
note by referring to table on page 224 that cylinders are made about 4 
inches longer than the stroke of the pump. This extra length of cylinder 
over stroke is for the purpose of giving a sufficient clearance both at top 
and bottom of cylinder in order to prevent the plunger from striking on 
either the up or down stroke. 

In assembling and installing the pump it is very important that the 
length of the pump rod is such that the plunger has ample room both on 
the up and down stroke, and it is also important that the different sections 
of rods correspond in length with the different sections of discharge pipe, 
so that the couplings used to connect the pump will come about even with 
the couplings used on the discharge pipe. The advantage of this arrange- 
ment is that when the pump pipe is being put into the well or taken there- 
from the pump rods can be connected or disconnecned without having to 
elevate the bottom of the different joints of pipe more than 3 or 4 feet above 
the surface of the ground. What has just been said applies only to those 
equipments using a discharge pipe smaller than the cylinder, as on the 
equipments having discharge pipes larger than the cylinder the pump rods 
can be put into place after the discharge pipe has been set. 

In connecting together the different sections of pump rods the instruc- 
tions given on pages 217 and 218 should be followed out. 
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When screwing together the discharge pipe it should be remembered 
that it will be necessary to pull the pipe at some future time and thus the 
threads should be coated with a mixture of vaseline and graphite, which 
will not only as-sist in making a tight joint, but will also prevent the threads 
from rusting in the couplings thus making it impossible to unscrew the 
pipe without breaking the couplings. While it is the usual custom to use 
white lead on the joints, and while the white lead is excellent for making 
the joints tight, still the vaseline and graphite are equally effective and 
have the added advantage of preventing rust. 

The graphite "dope" can be made by mixing about two parts of crude 
vaseline with one part of flake graphite. 

If a long line of pipe is to be lowered into the well it can be most 
easily and safely handled by using casing elevators as described under 
"Re-Casing a Hole," and "Pulling Pipe." 

Where a well requires the 
use of a long line of discharge 
pipe it is sometimes best to 
use a clamp for supporting 
the weight of the pipe after 
the full amount of pipe has 
been set, so that the strain 
will not fall upon the pump 
standard. The clamp can be 

made by any blacksmith being P"™? P'P* ciamp. 

constructed as shown. 

Well Curbii^. 

A drilled well when properly made will afford water of absolute purity 
as far as organic impurities are concerned, but unless the well is properly 
finished as well as made, it can become a disease breeding spot as easily as 
the old type of dug well. 

The writer has seen a large number of good drilled wells condemned 
as unfit for use owing to the ignorance of health officers who figured that 
because the water of the wells was laden with disease germs, the wells 
should not be used. Had the health officers investigated conditions closer 
they would have found that the stream tapped by the well was affording 
water of absolute purity and that the foreign matter was coming in from 
the toj). In order to make a well safe the drive pipe should extend 6 to 12 
inches above the surface if the well is made on level ground, or even 
greater than 12 inches if the well is in a hollow or a depression. By thus 
extending the pipe it will make It impossible for surface water to enter from 
the top. 

Another source of impurities is from the scrapings off of the feet of the 
users of the well. Unless the drive pipe extends 2 or 3 inches above the 
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level of the pump platform, the scrapings are liable to be washed down with 
the first rain. Thus it is always a good plan to allow the pipe to project 
about 3 inches above the platform, and if the base of the pump standard is 
of such shape that it will not go down over the pipe, arrangements can be 
made for bolting the pump directly to the pipe. 

Another plan being adopted by some drillers is to allow the pipe to ex- 
tend 2 or 3 inches above the platform and then screw an iron cap over the 
pipe.- The cap is provided with a threaded hole through which hole a 
threaded nipple, the same size as the discharge pipe, is screwed. The nip- 
ple is provided with a lock nut both above and below the cap and the dis- 
charge pipe is connected on below and the pipe of the pump standard is 
connected on above. This makes an absolutely air tight joint and thus pre- 
cludes the possibility of any impurities entering. 

The well cap proves very satisfactory in most instances, but there are 
some cases where the wells are in rock, that its use causes the water to be- 
come clouded. The writer has had this experience with two or three wells 
and the only explanation that he has ever been able to figure out is that the 
pumping lowers the water down to the **strong point*' and this then causes 
a partial vacuum in the well which causes the fine sediment to rise. By 
taking oif the caps the wells would at once pump clear but as soon as the 
caps were replaced the water would become cloudy. 

One of the best platforms for a drilled well can be made of concrete. 
To fasten a pump to a concrete platform the bolts which hold it should be 
set in the concrete at the time the platform is made. This can be done by 
marking on a board of proper width the points where the bolts go through 
the pump base, then boring holes through the board and using this as a 
template. If the pump is of large size requiring the use of large bolts it 
may be necessary to place pieces of pipe 2 to 3 inches long having an in.side 
diameter of about Vt, inch larger than the bolts, around the bolts so that in 
case the bolts do not exactly line up with the holes in pump base they can 
be slightly driven over. If the short pieces of pipe are used the upper end 
of the pieces should come flush with the top of platform. The bolts should 
be of such length that they extend 4 to 5 inches below the lower end of 
short pieces of pipe. 

As the concrete platforms are seldom over 4 inches thick and as this 
thickness is not sufficient for bedding the bolts, it is the usual custom to dig 
a hole 1 Vt, feet siiuare and 1 foot deep around the drive pipe and then fill 
this with concrete. This will not only make a good bedding for the bolts 
but will also prevent rusting of the drive pipe, as it will carry the concrete 
down below the point where the air and moisture have access to the pipe. 

Owing to matters of convenience, also owing to fancied saving in cost 
as well as other reasons, customers often have drilled wells started in the 
bottom of dug wells. If the water of such wells is to be used for household 
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purposes, it is absolutely necessary that the drive pipe be continued some- 
what above the surface of the ground, for should the pipe be stopped down 
in the well, the drilled well water will be contaminated from the impurities 
of the dug well. Another danger which may arise from this type of well 
is that the water from the dug well will follow down along the outside of 
drive pipe and thus become mixed with the pure water. This danger is 
not so great if the well is drilled a hundred or more feet below the bottom 
of the old well, but it is almo.st sure to arise if the drilled well strikes its 
stream but a slight distance below the bottom of the dug well. 

The safest course to follow is to fill up the old well so as not to allow 
the stale water to stand in it. 

While of course the drill man would not be justified in going to the 
expense of making this fill simply to make sure of pure water, still he 
should try to convince his customer of the necessity of doing so. 

Sub- Wells for Wind Pumps. 

In installing wind pump plants it is necessary in the large majority of 
cases to construct a sub-well 3 to 4 feet deep in order to provide space for 
the automatic pump control, also for the purpose of getting water lines 
down deep enough in the ground to be below freezing. A sub-well unless 
properly constructed may be the means of contaminating the pure water of 
the drilled well. 

To make a good sub- well installation it is necessary to provide a water 
tight lining for the well and this is best accomplished by making the walls 
and bottom of concrete. The walls should be from 3 to 4 inches thick and 
the bottom from 4 to 5 inches thick. It is also necessary to fun the walls 
6 to 12 inches above the surface of the ground, to prevent the surface water 
from entering the sub-well. In making the bottom, the cement should be 
puddled around the drive pipe so that a tight union will be made at this 
point. The drive pipe should extend from 6 to 12 inches above the bottom 
of the sub-well so that any dirt which may collect in the sub-well will not 
be washed down in the drilled well in case water should accidentally enter 
from above. 

If it is necessary to run one or more pipes through the walls of the 
sub-well, short pieces of pipe of the proper size should be inserted in the 
concrete at the proper points at the time the walls are made. The pieces 
of pipe should be 10 to 12 inches long for a wall 4 inches thick and should 
be threaded at both ends. In order to prevent the concrete from plugging 
the pipes, wooden plugs should be driven in the ends. The plugs can be 
removed when it is desired to connect up the water lines. 

One thing which must be guarded against when a concrete sub-well is 
used and that is the accumulation of water in the bottom of the well. In- 
asmuch as the bub-well is water tight and will hold all water which enters, 
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if water is allowed to accumulate it will finally reach a point when it will 
overflow into the drilled well. If it is possible to tap the sub- well with a 
drain, the accumulation of water need not be considered, but owing to the 
fact that a sub-well is usually deeper than drainage ditches, unless the well 
is in town where a sewer system is installed, it is rarely that drainage can 
be resorted to and thus all precautions must be used to prevent water from 
entering the sub- well. 

The water which usually comes into the well is from the top, also from 
the freeze hole and leaks in the piping. The water can be kept from com- 
ing in at the top by raising the wall of the sub- well 10 to 12 inches above 
the surface and then using a water tight curbing. While of course it is 
impossible to make a platform absolutely tight, yet it can be so constructed 
that the water which does enter will be so small in amount that it will evap- 
orate almost as rapidly as it comes in. 

When the water comes from leaks in the pipe it is the result of faulty 
construction or bad workmanship, and the remedy is obvious — overhaul 
the job. 

The leak from the freeze hole is however a necessity and in order to 
prevent this water from getting into the sub- well, arrangements should be 
made for conducting the water directly back into the drilled well. Some 
pump men do this by cutting the drainage pipe and inserting a tee and then 
running a small pipe from the tee back into the drilled well. Others obtain 
the same result by fastening a piece of tin around the pipe so placing the tin 
that the stream from the freeze hole is deflected into the top of the drive 
pipe. There are many methods of obtaining the same result but whatever 
the method used it .should be .so arranged that all of the water will, go di- 
rectly back into the drilled well. 

Heavy-Pump Installations. 

While the installing of heavy power driven pumps involves the same 
principles laid down in the foregoing pages, still owing to the heavy duty 
required of the big pumps, it is often necessary to u.se special appliances for 
taking care of special conditions. As stated on page 215 it will hardly be 
possible for a driller to acquaint himself with all the different types of 
deep well and heavy duty pumps, but if he will familiarize himself thor- 
oughly with the principle of their in.stallation he will, with the aid of the 
literature furnished by the pump manufacturers, be able to do the work 
successfully. 

The writer would suggest however that before taking the contract for 
installing a heavy duty pump, that you make sure that you thoroughly un- 
derstand the particular type of pumping equipment you have to handle as a 
*'fall down" with the pump will not only give the pump a "black eye" but 
will also reflect on the well and the driller who drilled it. If there are any 
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points about the equipment that you do not understand, write direct to the 
pump manufacturers and they will be glad to give you all the necessarj' in- 
formation. 

The Air Lift. 

Where several wells within a comparatively short distance of each other 
have to be pumped at the same time, the installation of a compressed air 
pumping plant will often show a marked saving in cost of operation over 
any type of pumping equipment. 

The following cut shows the general plan of an air lift pumping outfit: 



Air receiver with its pressure jitauge safety valve, drain cock 
and openings for inlet and discharge air lines. This receiver 
also acts eis a trap to take out any oil that may be carried 
over from the lubrication of the air cylinder. 



3r<l. 



with it 



. properly proportioned jet 



4th, Well top witli flanges, adjusting valves, s 

long sweep ell or umbrella discharge. 
5".h. Air piping connecting compressor to receiver, receiver to well 

and air ami water piping in well. 

As each different well or group of wells demands a 
somewhat different etiuipnient from other wells, it is impos- 
sible to name a standard otitiit for general use and also, in- 
asmuch as very slight changes in the equipment will in- 
crease or decrease the efficiency, tlie services of an air lift 
expert should always be sought when air lift installations 
are to be made. 
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For further information regarding the installing of this comparatively 
modem method of pumping, the writer would suggest that you consult the 
publications of various air lift equipment manufacturers. 

Pneumatic Displacement Pump. 

This pump consists of two tanks being submerged or so placed as to fill 
by gravity. In connection with these tanks is an automatic switch control- 
ling the passage of air to the tanks so that when the water has been forced 
out of one tank the air is switched to the full tank and the air in the emp- 
tied tank exhausted to the atmosphere which then refills with water by 
gravity. 

The especial province of this pump is to handle water at a distance 
from the power plant, as all that is needed is one line to carry the air to the 
pump and another to bring the water back. 

This pump is automatic in its action and requires practically no atten- 
tion as the fluid being pumped comes in contact with no moving parts other 
than the inlet and discharge check valves. 

Any number of these pumps can be operated from a single air line and 
made entirely automatic. 

Another use of this pump is to maintain a constant pressure upon a 
system of piping as in small towns, factories and office buildings, and can be 
so arranged with air lift in a well and governed compressor, (steam or elec- 
tric), that the whole system can be automatically stopped, started and con- 
trolled by the water user. An efficiency of from 25 to 40 per cent can be 
obtained with the additional advantage that the water never comes in con- 
tact with any moving parts from well to consumer. 

Water Table. 

A cubic inch of water weighs OI^CU 7 lbs. 

A cubic foot of water weighs ()2.4(» lbs,=<)2>^ lbs. 

A gallon of water weighs 8.H.V) lb9.= 8>^ lbs. 

A U. S. gallon of water contains 281 cu. in. 

An English g^allon of water contains 277 % cu. in. 

A cubic foot of water contains 1 728 cu. in. 

A cubic foot of water contains 7.4805 ji;als.=7>^ gals. 

A "miner's inch" of water approximately equals a supply of 12 U. S. gallons per minute. 



THE CYCLONE DRILL CO. 



Genifral Equipment for Compressed Air Displac 
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PART VII. 

The Use of a Walking Beam. 

Machines which are built for drilling deep holes are usually equipped 
with a walking beam as well as a spudding device, for operating the tools. 
Even on comparatively shallow holes, when the material to be drilled is ex- 
tremely hard, it is usually best to have a walking beam and hook it on after 
a depth of 100 to 150 feet has been reached. 

In the descriptions and instructions so far given, the writer has re- 
frained from discussing the use of the walking beam owing to the fact that 
he did not want to confuse the reader by making constant reference to two 
types of mechanisms for imparting motion to the drilling tools. While all 
of the instructions so far given have been made with special reference to a 
spudding device, still they are equally applicable to the walking beam, it 
being borne in mind, of course, that the beam is primarily a deep hole de- 
vice or one for rock work. 

The advantages of a walking beam over a spudding device for handling 
rock drilling are, that it gives a better stroke to the tools and it is easier on 
the drilling cable. 

However, to get a better stroke out of a walking beam, than can be 
gotten with a good spudding device, it is necessary that the hole be at least 
300 feet deep and even at this depth, unless the rock is extremely hard, the 
writer prefers the spudder when light tools are being run. While with a 
beam it may be possible to get a slightly better stroke at a depth of 300 
feet, still the spudder offers advantages in simplicity, ease of handling and 
speed in changing from drilling to hoisting, which will more than equalize 
matters. Thus it would be the writer's advice that when the holes to be 
drilled do not exceed 300 to 350 feet in depth, and when light tools are to 
be run and when the rock to be drilled is not of extreme hardness, that the 
spudding device be used exclusively. This advice is based on the assump- 
tion that manila drilling cable is the type of cable used as with wire drill- 
ing cable the capacity of the spudder is greatly increased, it being possible 
to satisfactorily handle drill work up to a depth of 1200 to 1500 feet with- 
out resorting to the use of a walking beam. 

The advantage of a walking beam in regard to economy is due to the 
fact that the beam hooks directly onto the cable and thus does away with 
sheave wear on the rope ; also the wear which results from the friction of 
the rope on the drum. This rope wear does not become a serious item un- 
der ordinary drilling conditions, but when extremely hard rock is encoun- 
tered, it holds the tools at one place a length of time sufficient to burn out 
the cable on the sheaves over which it works. 

From what has been said above it will be noted that a walking beam is 
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primarily a deep well drilling device, but that it may also show advantages 
in shallow holes when extremely hard formations such as granite or trap 
rock have to be penetrated. 

There are now on the market two general types of walking beams, 
namely, the Grasshopper Beam and the Standard Beam. 

The main difference between these two types of beams is that the grass- 
hopper beam is hinged at one end, while the standard is hinged in the cen- 
ter. As a rule the grasshopper beam is made up double, that is, there are 
two beams, one on either side of the machine, the two beams being provided 
with separate pitmans and cranks which are so adjusted as to give the same 
throw to the beams. Owing to the fact that all grasshopper beam machines 
use the beams for spudding as well as drilling, the use of the double arms 
is an advantage inasmuch as it allows ample room for handling the spudding 
work, pipe driving, etc. 

At the present time there are three types of the Standard Beam, these 
being the Straight Beam, the Segment Beam and tho Double Standard 
Beam. 

The Standard Beam is the type used on oil well outfits known as Stand- 
ard Rigs. The standard beam is also used on several different types of deep 
well portable outfits. 

The Segment Beam is usually much shorter than a standard beam and 
is provided with a Segment or Horsehead at its outer end. The segment is 
cut on an arc of such radius that the drilling cable always comes in line 
with the center of the hole. 

The Double Standard Beam is made up the same as a Standard Beam 
excepting that there are two arms on beams instead of one. This style of 
beam is used only on portable rigs, but for this kind of work it is particu- 
larly well adapted. 

The advantages and disadvantages of the beams listed above are as 
follows : 

The Grasshopper Beam. 



ADVANTAGES 

The changing from spudding to. drill- 
ing can be quickly done. Distributes the 
strain evenly upon the frame of the ma- 
chine. The beams are used for spudding 
as well as drillings thus reducing the 
number of parts necessary to make up a 
machine. 



DISADVANTAGES 

Does not give as good a stroke as a 
center hinged or standard beam. 

When drilling, the strain on the pit- 
mans is a push instead of a pull, thus 
making it necessary to use guide blocks 
which rub against the beams causing ex- 
cessive wear, besides consuming consid- 
erable power. 
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Standard Beam. 



ADVANTAGES 

On standard rigs is to be preferred to 
any other type of beam as it can be made 
of sufficient length and size to give the 
best stroke and have the greatest strength . 

On portable rigs gives a good stroke 
to the toolSf but is hard on machines. 



DISADVANTAGES 

Has no disadvantages on standard 
rigR, but on portable outfits it throws a 
heavy side strain or twist on the whole 
machine frame also upon the machinery 
upon the frame. This is due to the fact 
that the sampson post has to be set on 
one side of the machine as the beam must 
cross the frame at an angle in order to be 
out of the way of drill rope, sand line and 
spudding device 



The Segment Beam. 



Owing to the shortness of a segment 
beam it need not be made as heavy or 
cumbersome as a standard beam. 

The segment on the end of the beam 
keeps the rope in the center of the hole, 
thus reducing wear on the cable. 

The sampson post can be placed mid- 
way between the main sills thus evening 
up the strain on the frame and doing 
away with all racking of the machinery. 



About the only disadvantages the wri- 
ter has ever found w^ith this type of beam 
is in the handling of the temper screw. 
This is caused by the fbct that the upper 
half of the frame is cut off, being re- 
placed by chains working over the seg- 
ment, thus making it impossible to use 
an elevator on the screw. However, with 
a little practice, a driller can hoist the 
screw by leaving the rope clamps on the 
rope so that this disadvantage is more ap- 
parent than real. It has been said that a 
segment beam, owing to its shortness, 
runs somewhat heavier and while this is 
true if the beam is made extremely short, 
still the writer's experience has been that 
a segment beam whose length does not 
fall under 8 or 10 feet will handle with as 
little power as a longer one. 



The Double Standard Beam. 



By having two beams, two sampson 
posts can be used, one being placed on 
e ther sill and thus the strains upon the 
machine are evenly balanced. 

As the beams can be used for spudding 
as well as drilling it is unnecessary to 
have a septarate spudding device and thus 
the machine is less cumbersome. 

It requires but a short time to change 
from spudding to drilling. 



This style of beam has no disadvan 
tages that the writer knows of except 
that if the beams are made of unseasoned 
wood they are liable to warp, thus caus- 
ing them to bind. However, as this trou- 
ble is caused by poor manufacturing and 
not due to the principle of construction, 
it cannot be argued against this type of 
l>eam. 



The appliance used to connect a walking beam to the drill rope is 
known as a temper screw. All temper screws are made on the same gen- 
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A deep well type of drilling machine using the Double Standard Beams. 'Ihe tem- 
per screw is huDg from a cross bar which is fastened to Ihe outer ends of beams. When 
spudding, the cross bar is slipped off and laid to one side. 
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eral principle, that is, tliey are provided with a frame, main screw and a 
swiveled clamping device for coupling onto the rope. The cnts shown 
herewith give a clear idea of the most universally used types. The cut on 
the following page gives a more detailed view of the lower part of the ap- 
pliance. 
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Ill using a walking beam and a temper screw, the tools are lowered 
into the hole until they come within a short distance of the bottom, this 
distance depending upon depth of hole and weight of tools. Next the pit- 
man is placed on the crank pin and the crank thrown to the high point, 
thus throwing the temper screw on the down stroke. If it has not already 
been done, the main screw is now shoved up until the cross bar on the 
screw comes up against the split nut. 

Next wrap the drill cable at a point ojiposite the rope clamp with a 
"Wrapper," then place the clamps over the wrapper and draw them up as 
tight as possible with the C screw han- 
dle. Now slack off the cable until the 
full weight is supported by the temper 
screw and then pull down 10 to 15 feet 
of additional slack so that the motion of 
the beam will not cause the cable above 
the clamps to lash around. 

To make the "Wrapper" or the 
' 'Cat' ' as it is often called by the drillers, 
cut off a piece of cable about 4 to 5 feet 
long and take out one of the three main 
plys. Unwind this ply until all the 
strands are separated. To place the 
wrapper around the cable, begin an inch 
or two below the lower end of rope 
clamps and WTap upward for a couple of 
inches above the top of clamps. Now 
WTap downward but do not go quite to 
the base of lower wrap. Repeat these 
operations each time keeping a little fur- 
ther from the base of wrap, until all of 
the wrap is on the cable. If the work 
Lower pB o tmpet screw. j^^__ j^^_^^^ propcrly doiic there will be a 

pear shaped mass of rope with the small end of the pear downward, oppo- 
site the rope clamps. 

The speed to run a walking beam, also the length of stroke, depends 
upon the depth of hole and this will have to be learned by experience. The 
general rule, however, is to run the beam at such speed as will give the 
tools a quick, snappy motion. 

A walking beam and temper screw can be used for handling wire line 
as well as maiiila cable, but to do this it is necessary to use a specially con- 
structed set of rope clamps. 
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Hollow Rod Tools. 

The hollow rod system of 
drilling is the outgrowth or evo- 
lution ot the old spring pole and 
solid rod system. The cut here- 
with shown gives an idea of the 
surface equipment of a spring 
pole outfit. The drilling tools 
proper consisted of wooden rods 
coupled together and carrying at 
the lower end a chisel bit. The 
couplings used for connecting 
„ , the rods were somewhat similar 

spnng Pol. Surface Equipment j ,- l 

to the pump rod couplings shown 
on page 218. 

It is impossible to trace when this system of drilling was first intro- 
duced into this country, but records of wells drilled in France and England 
show that it is a special adaptation of methods employed in those countries 
as far back as 1740. 

In this country the spring pole was finally superseded by more perfect 
means for reciprocating the rods and along about 1856 or 1857, Jesse N. 
Holies, a driller of Pennsylvania, introduced the use of hollow drill rods in 
place of the solid wooden rods. The tools as built by Mr. Bolles were con- 
structed with a system of valves located in the rods, these valves serving to 
pump the cuttings out of the hole as the drilling proceeded. Thus origi- 
natwl the self pumpitig tools, or as they arc now generally termed, the 
hydraulic tools. 

Later, somewhere about 1880, a Mr. W. C. Wells found that by re- 
moving the vah-es from the Bolles equipment and then forcing a stream of 
water down through the rods, he could handle drill work through .sand and 
certain other unconsolidated deposits to much better advantage than could 
be handled by the older method. Thus originated a new system of drilling 
and to distinguish this new system from the hydraulic, it was called the 
jetting methotl. 

While a somewhat similar method of drilling was patented in England 
in the year 1844, by an Englishman named Beart. still Mr. Wells deserves 
full credit for his work, as records show that the improvements which he 
worked out were the results of original experiments and that he had no 
knowledge of the Heart system which was but slightly used in England and 
was aljandoned entirely within two or three years after the patent was 
secured. 
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While there are other methods of drilling which use hollow drill rods 
in their operation, these methods being known as rotary, core, etc., still in 
this discussion, which we have headed "Hollow Rod Tools/* we will con- 
fine ourselv-es solely to the hydraulic and jetting systems as probably 95 to 
98 per cent, of all water wells drilled with hollow rod tools are handled by 
one or the other of these two types of outfits. 

For handling certain classes of drill work the hollow rod tools possess 
undoubted advantages over cable tools, these advantages being as follows: 

With hollow rod tools, holes as small as 2 inches in diameter can be 
rapidly drilled, and as small diameter casing can be purchased much cheaper 
than the larger sizes, it thus makes it possible to do drill work at a lower 
rate per foot. 

Drilling with rod tools is cheaper than with cable tools inasmuch as 
the cable does not go into the hole and thus the cable expense is much less. 

The expense of keeping up a set of tools, also the repairs for the same 
are much less than for cable tools. 

Drilling with rod tools is safer for the reason that the rods are con- 
tinuous from the bottom to the top of the hole. 

When drilling holes 2 to 35^ inches in diameter where the holes to be 
drilled do not penetrate a large amount of hard rock or, when drilling holes 
as large as 5 or 6 inches in diameter through unconsolidated deposits when 
the jetting process is used, much better time can be made with the rod 
tools, than can be made with cable tools. 

In case fishing jobs arise they are easier to handle with rod tools. 

It requires less power to operate rod tools owing to the shorter strokes 
used, and thus a machine which cannot handle cable tools deeper than 300 
feet will have ample pow^er, and if properly made, will be of ample size for 
handling rod tools to the depth of from 800 to 1000 feet. 

The above are the main advantages, but others will be mentioned as 
we proceed with the instructions and descriptive matter. 

The successful performance of hollow rod drilling tools when used by 
either the hydraulic or jetting methods depends quite a bit upon the type 
of machine employed to operate them. While of course some hole can be 
made with the crudest of surface equipment as evidenced by the fact that 
the spring pole was primarily used, still modern drilling practice has shown 
that there are certain requirements demanded of the drilling machine prop- 
er, if the mOvSt rapid and satisfactory work is to be done with rod tools. 
First and foremost of these requirements is a good spudding device, second, 
a positive means for feeding off the drill rope and third, a sure and rapid 
method of lowering and hoisting the drill rods. There are of course many 
other details that can be worked out which will be of convenience to the 
driller in making hole, but they are of secondary, rather than of primary 
importance. 
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The requirements of a good spudder are as follows: 

It should be so arranged that a stroke of from 6 to 18 or 20 inclies can 
be secured. 

It should be so constructed that a speed of from 40 to 100 or 120 
strokes per minute can be maintained without straining or racking the 
machine. 

The arrangement of the spudder parts in relation to the remainder of 
the machine should be such that wear on the drill rope is brought down to 
the lowest point. 

The action of the spudder should be such that the tools are always 
under positive control. 

The spudder should be so arranged and proportioned as to give a quick 
drop and yet have a comparatively slow motion in lifting the tools. 

The spudder should run without thump or jar. 

The reasons for demanding the above requirements of a spudder are as 
follows: 

The stroke must be capable of adjustment on account of the fact that, 
as the hole gets deeper the weight of the rods becomes greater and thus the 
stroke must be shortened up to prevent the force of the blow from kinking 
the rods or telescoping the joints. If the stroke is kept at the proper 
length, to correspond with the depth of hole, much greater drilling speed 
can be made than if one length of stroke is used for all depths of hole. 
Thus in beginning a hole it is best to give the tools as long a stroke as they 
will stand and then as the hole deepens, shorten up the stroke and run the 
tools at higher speed. 

Another advantage obtained by shortening the stroke is that the strain 
on the machine and power plant is reduced in proportion to the amount the 
stroke is made less, and thus a machine having an adjustable stroke will be 
able to handle a deeper hole than one of the same size having but one 
length of stroke. Of course, if the latter machine is provided with a crank 
giving a stroke as short as the shortest stroke on the other machine, it will 
be able to drill to the same depth, but its speed on the first part of the hole, 
owing to the short stroke used, will be very slow in comparison. 

As a rule, the wells in any particular section pass through practically 
the same geological strata and deposits so that a driller operating in that 
locality soon learns the proper length of stroke to use for making the most 
headway in the different formations. If the drilling machine used has only 
one length of stroke, the driller is forced to use this length whether or not 
it is the most advantageous. 

It has been the writer's experience that the best lengths of strokes are 
about 6, 10, 14 and 18 inches. It is not very often that an eighteen inch 
stroke is used for drilling but it comes in handy on hard pipe driving and 
pipe pulling jobs. 
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The next point to consider in regard to a spudder is whether or not it 
is possible to so operate it that the tools are always under positive control. 
This feature of positive control is even more important than an adjustable 
stroke just discussed, for a one-stroke-positive-control spudder is more ef- 
ficient than a multiple-stroke spudder of the uncontrolled type. 

What is here meant by an uncontrolled spudder is one which operates 
by lifting the tools to a certain height and then by means of a trip or trig- 
ger disconnects the power from the spudding arm and allows the tools to 
fall "dead'* upon the bottom of the hole. The cam and treadle is at the 
present time the most generally used of all the diiferent types of uncon- 
trolled spudders. 

The main disadvantage of these spudders is that the force of the blow 
delivered by the tools cannot be regulated, inasmuch as the spudding arm is 
entirely disconnected from the power while the tools are falling. This is 
not such a serious disadvantage when drilling shallow holes through un- 
consolidated deposits, but it becomes serious when an attempt is made to 
drill deep holes through rock and other material hard to handle. This is 
due to the fact that in rock drilling it is often necessary to so regulate the 
stroke that the tools just touch the bottom, as when crevices are being 
passed, holes are being reamed and when work of similar nature is being 
done. 

Another disadvantage of the uncontrolled spudder is that it cannot be 
run much more than 60 strokes per minute without battering the machine 
to pieces, owing to the fact that the spudding arm when released, flys back 
against a buifer with great violence, the force of the blow increasing as the 
hole deepens. Not only is this constant hammering of the spudding arm 
hard on the machine, but the infernal noise and racket which it produces 
is equally hard on the drill men and everybody else within a radius of a 
quarter of a mile of the machine. 

The spudding device shown on page 23 is one that is particularly well 
adapted for handling rod tools as it embodies in a high degree all the feat- 
ures recommended on page 245, as necessary for a successful rod-tool spud- 
der. The writer would therefore suggest that you study the principle of 
construction and operation of this spudder as it is representative of all that 
modern drilling practice has found to be the best along this line. 

The other features, outside of the spudding device, previously men- 
tioned as necessary for making a good rod machine, these being a positive 
means for controlling the feeding down of the string of tools and a sure 
and rapid method of hoisting and lowering the rods, will be discussed as 
we proceed with the descriptive matter. 

As stated in the beginning of Part VIII, we will limit the term hollow 
rod tools to include only those used in hydraulic and jetting systems and 
in order to avoid confusion these two systems will be taken up separately. 
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Hydraulic System. 

The main feature which distinguishes the hydraulic system from all 
other rod tool systems is the use of one or more valves placed along the line 
of rods, the purpose of the valves being to pump the cuttings from the hole 
and thus eliminate the necessity for bailing. When this system of drilling 
was first introduced it was the custom to place valves between all of the 
different sections of rods and much ingenuity was displayed in getting up 
valves which would fit into the couplings. At the present time, unless the 
hole to be drilled is of considerable depth, it is very seldom that more than 
one valve is used, this one valve being placed just at the top of the bit or 
at most not more than one joint above the bit. 

It is remarkable with what force the water and cuttings are discharged 
from the drill rods when the tools are properly constructed and when they 
are working under conditions such as they are adapted for handling, but to 
obtain satisfactory results it is necessary that all parts be kept in proper 
proportion, as the principle of hydraulic drilling is based upon the action 
of a pump plunger in a cylinder, the drill rods and bit making up the 
plunger and the hole serving as a cylinder. These points will be gone into 
more thoroughly as the different tools and operations are described. 

The principal parts making up an outfit of tools for hydraulic drill 
work naming them from the bottom of the hole upward, are: 

Drill Bit. 
Valve, 
Drill Rods, 
Change Rods, 
Water Swivel, 
Rope Hook, 
Drill Rope. 

The main accessories or other tools and appliances used with the above 
parts are: 

Drilling Weight, 
Drilling Handle, 
Sand Pump, 
Sand Pump Line, 
Pipe Driving and Pulling Tools, 
Grab Hook, 
Rod-Handling Tools, 
Discharge and Return Hose, 

Miscellaneous tools such as Chain Tongs, Pipe Wrenches, Pipe 
Vises, etc. 
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Drill Bits. 

Broadly speaking liyciraiilic drill bits are divided into two classes, these 
being designated as nmd bits and rock bits. The inud bit, as a rule, is 
made somewhat thinner than the rock bit and is usually only about one- 
half the length. 

A mud bit, as the name implies, is used for handling unconsolidated 
deposits. Originally it was used for all drill work above bed rock but 
modern drill practice has demonstrated that for hydraulic work the short 
bit is not an advantage, except under certain conditions. Thus at the 
present time the mud bit is generally used, when used at all, for starting 
the hole, and is replaced by the rock bit as soon as the first joint of pipe 
has been driven. 

As a hydraulic bit must ser\-e as both a drill bit and a pump, it is thus 
necessary to so proportion the \-arious parts that the bit will fill both of the 
above requirements- If it were pos- 
sible to make a bit which would fit 
the drill hole as snug as a plunger 
fits a pump cylinder, we would then 
ha\-e an arrangement which would 
show the very greatest pimiping ef- 
ficiency. Obvion.sly this kind of a 
bit would not be practicable, even 
though it were possible to make it, 
owing to the fact tJiat, while the 
)mmping or self-cleaning feature 
would be efficient, the drilling rate 
would be cut to an extremely low 
P'lint due to the retarding action of 
the closely fitting bit. Tims, in the 
designing of a bit, it is necessary to 
strike a coniiironiise between the two 
rei|uirements demanded and make the 
bit so that each of the essentials will 
be worked out to the jioint which 
will make the bit an harmonious 
whole. 

As different clas.scs of formations 

Showinir Aciifpii of Drill Bit cm nolloni of dolt , ,-it ^i i  

work differently, some l>eing easy to 
drill and hard to pnnip, and others hard to drill and eii.sy to pump, it will 
thus be seen that it is impossible to make a bit with any one set of dimen- 
sions which will be just exactly best for all kinds of drilling, and thus there 
will be found a wide variety of different kinds, sizes and shapes of hydraulic 
bits on the market. In this respect however, the writer would caution you 
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against "loading up" with a lot of diflferent styles of bits as it is possible 
with one type of bit, if the same is correctly designed, to cover all ordinary 
classes of drill work, provided just a little change is made in the dressing 
of the cutting end when widely different kinds of formations are drilled. 

The main points to consider in the making up of a hydraulic bit are, 
total leng^th, width of blade, thickness of blade, depth and shape of water 
channel, size and position of discharge holes, thickness of bit just above the 
discharge holes and size of joint or coupling used. 

As a rule the length of a new bit, including the coupling, should range 
from 20 to 26 or 28 inches, depending upon the size of the bit. When the 
hydraulic tools were first introduced it was supposed that the closer it was 
possible to get the discharge holes to the cutting edge, the more efficient 
would be the pumping action and thus the bits were made as short as pos- 
sible. Even at this time this view is held by some drill manufacturers, 
also by a large number of drill operators. It has been the writer's experi- 
ence, however, that when the blade of a bit is of proper width and thick- 
ness, much more satisfactory results can be obtained by the long bits. Not 
only will the long bits cost less to operate, due to the greater wear con- 
tained in them, but they will drill faster, will keep the hole straighter and 
will cause less trouble from clogged discharge holes. 

The main disadvantage of short bits, outside of the matter of cost of 
operating, is that the discharge holes are liable to clog inasmuch as they 
are brought so close to the cutting edge that the material being drilled does 
not have time to thoroughly mix with the water and is thus so thick that it 
does not handle well. On the other hand, if the discharge holes are 18 to 
20 inches above the bottom of the drill hole, the sludge has a chance to 
thin up a little before being drawn into the rods. 

Of course, when rock drilling is being done, the matter of length of 
bit, in connection with heavy sludge, is not of so much importance as most 
rock formations cut clean, without making a heavy sludge. However, the 
long bit is to be preferred even for hard rock work as it keeps the hole 
truer, wears longer and is easier on the rods than a short bit. 

While as already stated, there are many different sorts of hydraulic 
bits on the market, they being made up in all kinds of styles and shapes, 
.still at this point we will confine our attention solely to what we will term 
the standard hydraulic bit and will leave the discussion of the merits of the 
special bits to a later chapter. 

In making up a standard hydraulic bit, two types of bit blades arc 
used, namely, the flat blade and the fluted blade. 

The flat blade is used on bits for two-inch and two-and-one-half-inch 
work and the fluted blade on bits for holes of larger diameter. It seems to 
be the concensus of opinion that the flat blade is best adapted to the small 
work but is the writer's belief that a correctly designed fluted blade would 
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be equally well adapted to small work. In fact for rock drilling from a theo- 
retical standpoint, the small fluted blade should show a higher efficiency 
than the small flat blade. 

The accompaning cuts show the two types of blades. 

The fluted bit possesses two very important advantages over the flat bit, 
first, it will drill more rapidly and second, it will pump better. These ad- 
vantages are, however, sort of compliments of each other as the extra drill- 
ing efficiency is largely the result of the effective manner in which the 
fluted bit cleans the hole. 

The extra pumping efficiency of the fluted blade is due to the fact that 
by using the flutes it is possible to make the blades wider and thicker, thus 
forming a sort of plunger out of the bit. At the same time the force of the 
blow delivered on the bottom of the hole is not lessened, inasmuch as the 
sludge has a chance to pass upward through the flutes. It is this confining 

of the upward rush of the sludge to the channels 
formed by the flutes w^hich gives the bit its 
great pumping power. 

You will note by referring to the cut show- 
ing fluted bit that the discharge holes are drilled 
right at the top of the flutes and are thus so lo- 
cated that the sludge in its upward rush is 
forced into these holes. This action is further 
increased by making the shoulders above the 
flutes project quite a \vays, thus forming funnel 
shaped pockets which have a tendency to scoop 
the sludge into the discharge holes. 

You will note in the above that the writer 
speaks of the sludge as rUvShing upward. This 
is an action which takes place in the bottom of 
the hole, as the lifting of the tools causes the 
sludge to rush downward to fill the space occupied by the bit, 
and then as the tools drop, the sludge is displaced and rushes 
upward. It is this meeting of the falling tools and the up- 
wardly rushing sludge which causes the best action on the 
part of the valve. It is also due to this downward and up- 
ward rush of sludge that the bottom of the hole is kept clean, 
as the movement of the sludge is such as to lift all of the cut- 
tings off of the bottom and then rush them up through the flutes and into 
the discharge holes. Of course, in heavy clay and greasy shales the clean- 
ing action is not so great, but when drilling in rock or drilling in sand, the 
reciprocating motion of the sludge, due to what might be termed the "suc- 
tion" of the bit, is very important in making hole. 

From considering the above, you will now see the disadvantages of a 
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thin bit, as the thin type of bit not only does not confine the sludge so as 
to force it against the discharge holes, but, being thin, it does not cause 
sufficient "suction'* to make the sludge clean the bottom of the hole. Thus 
when drilling in rock with a thin-bladed bit, the heavy chips remain on the 
bottom of the hole until they are ground up sufficiently fine to allow them 
to be lifted. This necesssity for grinding up the heavy rock chips reduces 
the drilling speed quite materially, inasmuch as the full cutting effect of 
the edge of bit does not come upon fresh rock, but is partly cushioned by 
the cuttings present. On the other hand, the thick bit with its strong 
suction causes the bottom of the hole to be swept clean, thus giving the 
cutting edge a chance to do its most effective work. 

As mentioned above, the shoulder should extend out quite a distance 
over the discharge holes and the flutes. As a rule, the diameter of the bit 
at this point should be from one-eighth to one-quarter of an inch less than 
the width of the bit blade, this diameter decreasing towards the pin or 
coupling. 

By thus tapering off the collar it reduces the power required to lift the 
tools on the up stroke and yet does not affect the efficiency of the pumping 
action on the down stroke. 

In drilling the discharge holes in a bit, the two "cut" holes, that is 
the two holes drilled in the sides, should be so run in that the angle made 
by a line drawn parallel with the bit blade and a line drawn parallel with 
the center of the hole, will be about 35 degrees. Some drill concerns make 
this angle as large as 60 degrees, but this makes a slow acting bit as the 
sludge has to enter the bit so nearly at right angle that its momentum is 
greatly reduced. Care should be exercised to see that the two holes are run 
in at the same angle so that they will meet in the exact center and will 
thus register with the hole drilled down from the top of the bit. The two 
side holes should be of slightly smaller diameter than the upper hole in or- 
der to prevent clogging of the bit. 

The advantage of having the large hole at the top is that in case grav- 
els or rock chips a little over size, or chunks of heavy sludge, are forced 
into the side holes, the bit will clear itself as soon as these obstructing par- 
ticles reach the larger opening. 

The size of coupling or joint used on a bit should vary with the size of 
the bit. While the proportioning of size of joint to size of hole is not of 
so great importance in rod drilling as in cable drilling, nevertheless it will 
be found that better drilling can be done and trouble can be avoided by 
keeping the different parts of a tool equipment in proportion. 

Owing to the fact that many drillers have only one size of rods, which 
one size they use for handling all of the different sizes of holes, the manu- 
facturers are often compelled to make up bits with joints entirely out of 
proportion to the work to be done. While there is one particular size of 
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coupling which is best adapted to each size of hole, still the size can be 
varied somewhat without very noticeably impairing the efficiency of the bit. 

In the bit table given further along it will be noted that with the ex- 
ception of the two-inch bits, there is a variation in the size of couplings 
recommended. Thus in drilling a hole 2% inches in diameter it is a safe 
proposition to use either a one-inch or a one-and-one-quarter-inch coup- 
ling ; on three-inch work it is safe to use either a one-and-one-quarter- 
inch or a one-and-one-half-inch coupling, while in holes three-and-one-half 
inches in diameter, the size of couplings can be either one-and-one-quarter 
inches or one-and-one-half inches; also on four-inch work the couplings 
used can be either one-and-one-half inches or two inches. While it is pos- 
sible to use larger couplings than those listed for all sizes of bits above two 
inches, still it is about as bad practice to use couplings of too large a size 
as to use them of too small a size. This is due to the fact that the drill 
rods used must correspond in size with the coupling on the bit, and, as in- 
creasing the size of the drill rod increases in a proportionate amount the 
area of the hole in the rods, the pumping efficiency is quite a little cut 
down, due to the fact that when the stream of sludge passes up through 
the bit it is allowed to spread and thus looses its force. These points will 
be gone into more thorougly when we take up the discussion of Drill Rods. 

The coupling used on a bit diifers slightly from the regular couplings 
used along the rods, inasmuch as the lower end of the coupling is faced oif 
so that when it is screwed on to the bit, the dressed end of coupling will 
come snug against the bit shoulder, which should be faced off to receive it. 
This will take the strain off of the threads on the bit and will prevent them 
from breaking down. 

In cutting threads on a bit they should be so cut that the coupling sets 
up hard, as this joint does not have to be unscrewed until the top part of 
coupling is worn out and by making it set up hard it lessens the danger of 
coming loose. 

What has been said in the five preceeding paragraphs refers to those 
hollow rod tools using coupling joints. As will be more fully explained 
further along, rod tools are also constructed with box and pin joints and, 
as these joints are made up different from the coupling joints, bits having 
the box and pin joints will not have all of their dimensions the same as 
those equipped with the coupling joints. These points will be more fully 
brought out in the following table, which gives the dimensions of bits rang- 
ing in size from 2 to 4 inches. 

Dimensions for bits of larger sizes are not given for the reason that the 
hydraulic system of drilling is not well adapted for holes larger than 4 
inches, unless the material to be drilled is very easy to handle. 
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Dimensions of Standard Hollow Rod Bits. 

Coupling Joint*. 



Width of Blade 

Thickness of Blade 

Total length of Bit, including Coupling 

Weight of Bit 

Siie of Coupling to be used on Bit 

Outside diameter of Coupling to be used on Bit 

Diameter of side holes 

Diameter of upper hole 

Diameter of hole in valve plate 

Diameter of valve ball 

Internal Diameter of XX pipe of same size as Coupling 
Internal Diameter of X pipe of same size as Coupling. 
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Box and Pin Joints. 



Diameter of Pin on Bit 

DlBtneter of side holes 

Diameter of upper hole 

Diameter of hole in valve plate 

Diameter of valve ball 

Diameter of hole in box above pin 
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In ex]>laiiiing the above table we will first take up the bits fitted with 
coupling joints. You will note that for all bits with the exception of the 
two-inch bits, two sizes of couplings are given. 

The meaning of this is that it is possible to use either of the two 
sizes listed. However, to obtain the very best results the larger size should 
be used, and, in making up the table, the writer has figured all dimensions 
as though the bits were to be fitted up with the larger sizes of couplings. 
While the size of coupling used does not influence such dimensions as 
"width of blade," "thickness of blade," "total length of bit" and "weight 
of hit," these dimensions remaining the same whatever the size of coup- 
ling:, nevertlielcss, snch dimensons as relate to the discharge holes and the 
valves depend directly upon the size of coupling. It will thus be seen that 
to \ary the size of the coupling requires a like variation in the dimen- 
sions relating to the pnmping part of the bit. 

As has already been explained, all other things being equal, the bit 
that pumps the most satisfactory will drill the most rapidly, it is thus best 
that coupling used be of such size as to bring about the best pumping action. 

In figuring on the sizes of discharge holes, several points have to be 
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taken into consideration, the three main ones being, the size of coupling, 
the internal diameter of the pipe used immediately above the bit and the 
size of the valve ball. 

The size of coupling to be used is determined by the size of the bit, it 
being the aim of the manufacturer to use a coupling of sufficient size to 
stand all necessary strains. However, care must be taken not to use too 
large a coupling as it will bind in the hole or else so fill up the hole that 
the tools do not drop well. 

After having determined the largest size of coupling it is practicable to 
use on a bit of given size, the next point to consider is the internal diame- 
ter of the drill rod used immediately above the bit. Practical experience 
has demonstrated that the first two to six joints of rodj^ should be made of 
double X pipe in order to stand up to the work and thus it is best to figure 
that the rod immediately above the bit will be of double X, or as it is usu- 
ally written, XX pipe. 

Having determined the size of coupling to use, also having determined 
that the XX pipe will be used immediately above the bit, the next move to 
make is to ascertain the internal diameter of the XX pipe, as this will then 
give us the dimensions of the space where the valve ball will work and will 
thus allow us to determine the size of ball. 

After figuring out the largest ball it is possible to use, we are then in 
a position to figure out the size of hole in valve plate, also the diameter of 
the upper discharge hole and then from the above data, to figure out the di- 
ameter of the two cut holes. 

From the above you will note that the working out of a successful hy- 
draulic bit is not a hit-or-miss proposition, but is based on careful figuring 
and the design is so carried out asT-to make all parts in proportion. 

Taking a 2^ inch bit as an example and referring to the table, you 
will note that a 1 J^ inch coupling is the largest size that can be used as the 
external diameter of this size of coupling is 2 A inches. Going on down in 
the table you will see that the internal diameter of Ij^ inch XX pipe is H 
inches. Careful experiments in all classes of drilling have shown that the 
valve ball should have at least l4 inch clearance on a side and figuring on 
this amount of clearance leaves a valve ball 5^ inches in diameter. Now 
the valve ball should be at least /^ inch larger in diameter than the hole 
through the valve plate in order to allow for wear, and figuring on this 
basis the hole in valve plate should be ^ inch. 

In figuring on the size of upper hole in the bit, it must be borne in 
mind that in order to get a quick action of the valve is is necessary to force 
the sludge against it with the greatest possible force and thus the upper 
hole in the bit should have a diameter slightly larger than the diameter of 
the hole in plate. Another point to be taken into consideration is that the 
diameter of the hole in plate gets larger, the longer the plate is used, and 
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thus the upper discharge hole must he made of such diameter as to take 
care of this increase in size. 

The diameters of discharge holes as given in the table have been set- 
tled on only after a long series of experiments, and while lack of space for- 
bids that we discuss all the points considered in arriving at the sizes given, 
still the writer would suggest that you accept them as standard, at least 
until you are able to prove that other combinations of sizes give better 
results. 

What has been said above refers to standard hydraulic bits which are 
to be used for general drill work where all classes of drilling will have to be 
handled. Where all of the drill work is through unconsolidated deposits 
such as clay, sand, gravel, etc., it is possible to use valves of larger sizes 
than those listed, if X pipe instead of XX pipe is used immediately above 
the bit. 

The bit table shows the internal diameter of X pipe and by comparing 
the diameters of the X and XX pipe, and bearing in mind the method out- 
lined above for figuring size of valve, size of discharge holes, etc., you will 
be able to figure out the proper dimensions for bits when the X pipe is 
used. One point you should bear in mind, however, when figuring on 
large valves, is that as the size of the valve ball increases, its hammering 
action becomes greater and thus it is best to hold the size of the ball down 
to rational proportions. 

In the table giving the bit proportions when Box and Pin Joints are 
used, you will note that the discharge holes and valves are smaller than for 
bits of the same size where coupling joints are used. This is due to the 
fact that is impossible to make the hole through the box above the bit as 
large as the hole in the XX pipe above the bit when coupling joints are 
used and thus the valve ball and all other parts must be brought down in 
proportion. However, as hollow rod tools equipi)ed with Box and Pin 
joints are primarily for rock work and as the sludge in rock drilling is, as a 
rule, not hard to handle, the decreasing of the size of the discharge holes 
and valve parts does not affect the efficiency of the bit. 

If it is desired to use rods with box and pin joints for handling hard- 
pumping material such as clay and heavy sand, the pumping efficiency of a 
bit fitted with box and pin joints can be increased quite materially by using 
a valve cage on top of the bit. You will find this point more thoroughly 
discussed under "Hollow Rod Valves." 

Another method by which the same results can be obtained is to use an 
extra long box above the bit and then bore out this box so that a larger ball 
can be used. 

By adopting either of the above plans it is possible to use the same size 
of upper and cut holes on the box-and-pin bits as are used on the coupling 
bits. 
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Hollow Rod Valves. 

There are three general tyi)es of valves used in hydraulic drill work, 
these being the flat valve, the coupling or blind valve, and the ball valve. 

The flat valve is made up somewhat similar to the flat valve shown on 
page 16, excepting that it is so arranged as to fit inside a coupling. 

The coupling or blind valve is made up of a special type of coupling 
which is provided with a dividing shell about middle ways of its length. A 
hole is drilled through this shell which serves as the valve seat. The valve 
proper is made up a good deal in the shape of the dart valve shown on page 
16, except that the dart extends above instead of below the seat and also 
the dart is made round, and tapers from the valve upward. 

The third type of valve is known as the ball^and-plate type which con- 
sists of simply a plate and a round ball, as shown herewith. 

The first two types of valves work very satisfactorily and are good 
valves, especially the blind valve, but as any valve used in hydraulic drill 
work wears rapidly, the expense of operating either the flat valve or the 

blind valve, owing to their much greater cost, is quite 

^W?^^ considerable, compared with the plate and ball valve. 

^Mnfl As the plate-and-ball valve is every bit as effect- 

^By^ ive as the other two types and as it is simpler and 

^<^i^^ ^„^^^ ^^^ costs less, the writer recommends its use. 

jj^^" ''' mi^m ^" operation, the valve is nearly always placed on 

^^^B||F2I-5^^^ top of the bit. Sometimes when drilling in quick- 

Bau and Plate Valve. ^aud which has a tendency to rush up into the rods and 

cover the lower part of the tools, the valve is placed 
up in the line of rods, generally in the coupling between the first and sec- 
ond joints. It is also customary at times to place several valves throughout 
the line of rods, but usually this is done only when very deep holes are 
drilled or when the sludge is so heavy that it has a tendency to settle quickly. 
The placing of more than one valve in the rod line does not directly in- 
crease the pumping efiiciency but it does add to it indirectly. The reason 
of this is that when a hole of considerable depth is being drilled, the total 
amount of cuttings contained in the rods is quite large and thus when only 
one valve is used and the tools are stopped the few minutes necessary for 
adding on another change rod, the cuttings are liable to settle back on the 
valve in such an amount as to make it impossible to start it into action. 

By using several valves the amount of cuttings which will settle upon 
any one valve can be brought down to the point where the valves will start 
without trouble. This same advantage api)lies to the use of several valves 
when very heavy sludge has to be pumped. Another ad\'antage to be de- 
rived from using .several valves on deep -hole work, although this advantage 
is not so great as those already named, it is that in case the lower valve 
leaks, the pumping action will not stop. 
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As stated above, the plate-and-ball valve is a very simple mechanism, 
but to get the best results it is necessary that the parts be made in proper 
proportion and of the right material. The bit tables given on page 254 show 
the different sizes of balls to use, also the diameter of hole through plates. 

As the hammering action of the ball on the plate is rather severe, it is 
necessary to make the plate of a good grade of steel and then temper it to 
an almost glass hardness The tempering will not only save the plate from 
excessive battering but will also prevent the sludge from cutting out the 
hole. When drilling in sharp sand rock, the cuttings are extremely abras- 
ive and if a soft-steel valve plate is used, the hole is very soon cut out. 

The best type of ball to use for general drill work is one made of steel, 
as it will wear well and will be of sufficient weight to seat itself properly. 
When the balls are of the larger sizes it is sometimes the custom to have 
them made up of some lighter material and the writer has on several oc- 
casions used an ordinary agate marble with good results. This answers the 
purpose very nicely for handling light sludge, but when the sludge is thick 
or heavy, the light ball is liable to be forced up into the rods. 

The outside diameter of the valve plate should be of such size that it 
fits the coupling, or the box, if the box and pin joints are used, fairly snug, 
so that when the drill rod is screwed into the coupling, or joint, the plate 
will be held firmly against the top of the bit. Should the plate be loose, 
the sludge will work under and around it and cut grooves on the top of the 
bit and will also cut out the threads in the joint. If the threads on the 
drill rod have not been cut long enough to allow the rod to screw down 
firmly on the plate, the proper results can be obtained by using two plates 
instead of one. 

A valve plate does not make a bit pump any better, and is used only to 
protect the top of the bit, which, without the plate, would soon be rendered 
useless due to the pounding action of the ball and the abrasive action of the 
sludge. 

When connecting a bit onto a drill rod, the top of the bit should first 
be cleaned off perfectly clean. Next clean off the plate and place it on top 
of the bit. Now set the ball in the hole in plate and then screw the joint 
together. Some drillers do not place the ball on the plate at the time of 
connecting up the bit, waiting until after the rods are all connected up and 
then dropping it in from the top. As this method of placing the ball does 
not have any real advantages and as the dropping of the ball from the top 
may result in the ball '^hanging up*' in the rods, the writer would not con- 
sider it good practice. 

The connecting up of a bit having box-and-pin joint, as a rule, offers a 
little more trouble than a bit with coupling joint. This is due to the fact 
that the valve plate and ball are not held in place by a coupling and thus 
may slip out of place a sufficient amount to make the plate bind in the box. 
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Also, the ball may roll from its seat on the plate and drop, either upon the 
ground or into the drill hole. Another trouble is caused by the rods be- 
coming magnetized and lifting the ball from the seat. This latter trouble 
becomes so pronounced when drilling in certain formations that it is neces- 
to use a brass ball. 

When the valve plate binds in screwing up the joint, the trouble can 
usually be remedied by lightly tapping the side of the rod with a hammer. 
This will jar the plate into place. 

The ball can usually be prevented from rolling off the pjate by using 
just a pinch of clay between the valve seat and the ball. The clay will hold 
the ball in place until the joint is screwed up and unless the chunk of clay 
used is too large, the ball will free itself upon the first stroke of the tools. 

As already explained, a heav^y sludge will tend to force the valve ball 
up into the rods. This can be prevented by placing a small pin through 
the drill rod, about 4 inches from the end which screws down on the valve 
plate. The easiest way to do this is to drill a hole through the drill rod, 
then cut off the pin to proper length and after placing it through the pipe, 
rivet both ends. The size of the pin to use depends upon the internal di- 
ameter of the drill rod, also upon the diameter of the valv^e ball. It should 
not be of greater size than is needed to so fill up the drill rod that the ball 
cannot pass. In order to prevent the rod from leaking where the holes 
have been drilled the ends of the pin should be riveted up close. 

Some drillers use an appliance called a valve cage on top of the bit, be- 
tween the bit and the first rod. This is usually made of soft steel and is so 
constructed that a slightly larger ball than those regularly furnished can be 
used. It is also, as a rule, provided with a pin or other appliance to pre- 
vent the ball from being forced upward into the rods. When box and pin 
joints are used, the valve cage will prove of some benefit if much drilling 
will have to be done through greasy clay or heavy sand. However, with 
the coupling joints the valve cage will show very little, if any, advantage, 
and is therefore not to be recommended where the coupling joints are used. 

After a plate-and-ball valve has been used for some little time, its 
pumping efficiency increases quite considerably, due to the hammering 
action of the ball, which drives out the metal around the hole in the valve 
plate and makes a closer fitting seat. Thus, when drilling in sand and clay 
or in any material which does not puniji readily, it is best to use a plate 
which has seen service. 

When starting a hole it is the usual custom to drill down to a depth of 
15 to 20 feet before placing the valve on the bit and starting the tools to 
pumping. In order to prevent the thick sludge from forcing itself up into 
the rods, from which it will be very troublesome to remove, a blank valve 
plate should be placed on top of the bit. 

A blank plate is made up the same as a regular valve plate except that 
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there is no hole through it. If you do not have a blank plate available, a 
piece of leather or thick gasket rubber cut to the right size will prove ef- 
fective. If neither of these latter are available, then the upper hole should 
be plugged by driving a wooden pin into it. 

Drill Rods. 

The service which can be obtained from a set of drill rods depends 
largely upon the material of which they are constructed. Thus your first 
consideration in selecting a set of rods is to see that they are made up of 
the right stuff. As a general rule wrought iron pipe will be found more 
satisfactory than steel pipe owing to the fact that most steel pipe becomes 
crystallized and is liable to break off just at the top of the coupling or joint. 
It must not be thought, however, that all pipe made of wrought iron will do 
for drill rods as it has been the waiter's experience that some wrought iron 
seems to be 'Votten," so that it breaks down easily. On the other hand, 
it cannot be said that it is impossible to make good rods out of steel pipe as 
there are certain grades of soft steel pipe which stand up almost as well as 
the best grades of wTOUght iron. 

As a drill man does not handle enough different drill rods made up of 
different kinds and grades of material to enable him to judge from his own 
experience which is best, his safest plan is to leave the matter wholly in the 
hands of his drill manufacturer, as the manufacturer buys his rod material 
in large quantities and, in order to protect himself and customers, thor- 
oughly tests out the material before placing his order for it. 

When the hollow rod system of drilling was first introduced, ordinary 
merchant pipe was used for drill rods. Experience has demonstrated, how- 
ever, that the walls of merchant pipe are not heavy enough to stand up to 
the work, so that it is now the almost universal practice to use pipe known 
as single X and double X, or as it is wTitten, X and XX. 

The following tables give the principal dimensions of X and XX pipe: 
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By comparing the wall thicknesses of the X pipe, given in the above 
table, with the wall thicknesses of merchant pipe given on page 34, you 
will note that the walls of X pipe are from ll6 to ll4 times greater in 
thicknesses than the walls of the merchant pipe. Also by comparing the 
wall thicknesses of the X and XX pipe, you will note that the walls of XX 
pipe are exactly two times greater in thickness than the X pipe. Another 
point you will note is that the outside diameter of a pipe of given size is 
the same for merchant pipe, X pipe and XX pipe. Taking a 1-inch pipe 
as an example, you will see that the outside diameter is 1.315 inches for all 
three sizes. By comparing the inside diameters, however, you will note 
that this dimension varies. Thus, in making the walls heavier, the metal 
has been added on the inside, decreasing the size of the hole in the pipe, 
but, leaving the outside diameter the same. By adopting the above form 
of construction it makes it possible to use the same size of coupling on the 
three different weights of pipe. The diagram on the following page shows 
the exact thickness of the walls of X and XX pipe, ranging from 1 inch to 
2 ]4 inches in diameter, and gives a very clear idea of the relative strength 
of a pipe of any given size when made in X and XX weights. 

As stated on page 255 it is the usual custom to use two or more XX 
rods immediately above the drill bit, the reason for this being that the XX 
rods will stand up to harder work than the X rods and are thus better 
adapted to take care of the heavy strains which have to be borne by the bot- 
tom drill rods. Another advantage of the XX rods is that they are stiffer 
and will thus keep the hole straighter. By using the XX rods you also in- 
crease your drilling speed, as the more weight above the bit, the more hole 
that can be made. 

This last statement regarding more weight, more hole, must however, 
be qualified somewhat, as there are limits beyond which it is not policy to 
go as the breaks which occur, due to extreme weight of rods, cause a great- 
er loss of time than can be made up by the extra drilling speed. 

The proper size of rod to use in a hole of any given size is shown in 
the bit tables on page 254. However, as stated in the explanation covering 
the bit table, it is possible to vary somewhat from the sizes given. Thus 
when very deep holes are being drilled some drillers use 4 to 6, XX rods 
of proper size just above the bit, then several joints of X rods of the same 
size above the XX rods and then the rest of the rods are made up of a 
smaller size of X rods. Thus on a 2j4 inch hole 800 feet deep, the rods 
would probably be made up as follows: 6-1 J^ inch XX rods, 30-1 J^ inch 
X rods and 14-1 inch X rods. The 6-1}^ inch XX rods and the 30-1}^ 
inch X rods would give ample weight for the best possible drilling speed 
and the 1 inch X rods would fill out. It is not absolutely necessary to fill 
out with the 1 inch rods, but as the use of the 1 inch X rods in place of 
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inside diameters of X and XX 
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pipe sixes, measurements taktn 
from thete diaKrams will prove 
sufficient. 



ORRVILLE, OHIO. U. S. A. 363 

the 1}^ inch X rods decreases the total weight something like 80 pounds, 
it takes quite a little strain off of the lower rod joints. 

When the holes to be drilled do not exceed 500 or 600 feet, there is 
not much gained by decreasing the size of the rods as the saving in weight 
does not amount to much. Thus on 2)4 inch holes 500 to 600 feet deep, 
the rods should be made up as follows, 4-1}^ inch XX rods and 34-1 Ji 
inch X rods. 

Some drill manufacturers in making hollow rods use, besides the X 
and XX pipe, a pipe which they call hydraulic pipe. This is nothing more 
than full weight pipe and is but slightly heavier than ordinary merchant 
pipe. The hydraulic pipe will prove very satisfactory for filling out at the 
top of the hole but owing to the comparative thinness of its walls, it is not 
to be recommended for heavy work. 

In order to stiffen up the rods just above the bit and also to get the 
weight down on the bit where it is the most effective, some drill manufac- 
turers furnish one or more drill rods of a larger size than those ordinarily 
used, swaging down the ends of the big rods until couplings of a size which 
will go into the hole can be used. Thus, for two inch holes it is a good 
plan to use two or four l]i inch XX rods just above the bit and then finish 
out the string of rods with 1 inch X rods. The four IJ^ inch XX rods 
give good weight for drilling and stiffen up the rods in the bottom of the 
hole so as to keep the hole straight. 

By referring to the hydraulic-coupling table on page 38, it will be seen 
that a 1 5^ inch coupling has an outside diameter of 2.07 inches and thus is 
too large to go into a 2 inch hole. As the outside diameter of a 1}^ inch 
rod is only a little more than three-tenths of an inch greater than a 1 inch 
rod, all that is required is to swage down the ends the desired amount and 
then cut threads for a 1 inch coupling. 

Not only is it a good plan to swage down 1 ]{. inch rods for the bottom 
rods on 2 inch holes, but it is also a good plan to swage down heavier rods 
for holes of larger diameter. Thus on 3 and 3^ inch holes it is often a 
good plan to swage down a 2 inch XX pipe so that it can be fitted with a 
1 }4 inch coupling. 

When box and pin joints are used and holes 3 or 3}^ inches in diame- 
ter are to be drilled, it is best to always use a 2 inch XX rod swaged down 
to proper size. By using a 2 inch XX rod swaged on the lower end to a 
1/4 inch box and swaged on the upper end to a 1}^ inch pin, holes 3 to 
3 J^ inches or even 4 inches in diameter can be drilled with the small 1 5^ 
inch box and pin joint rods. Thus the driller equipped with a IJ^ inch 
box and pin outfit for drilling holes 2 }4 inches in diameter can arrange his 
outfit for handling holes 3 to 4 inches in diameter by getting a 2 inch XX 
rod swaged as above, and bits of the sizes needed. 
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In swaging the end of a rod, care must be exercised to see that the 
metal is brought down evenly on all sides so that the walls of the rods, 
after the swaging is done, are of equal cross section and strength. Should 
the metal not be evenly distributed the rod is liable to break down on the 
weak side, thus telescoping the rods. Another point to watch is to see 
that the walls are not made too thin for should this occur the rod will be 
weak w^hen the threads are cut or the joint welded on. 

The proper length to make drill rods is a question that cannot be defi- 
nitely settled owing to the fact that manufacturers have different ideas 
along this line. Some manufacturers say that the rods should be at least 
20 feet long as the longer the rods the less the number of joints in the hole. 

While it is good policy to keep the number of joints down to as low a 
point as practicable, still it is not best to go to extremes in the length of 
drill rods in order to obtain this result, as increasing the length of rods 
above a certain point, increases the chances for trouble. 

Rods of extreme length are not only hard to handle around the ma- 
chine, but they are also hard to handle when moving from place to place, 
as it is nearly always impossible to get a wagon of sufficient length to carry 
the rods without the ends projecting dangerously beyond the end. Rods 
of extreme length are also liable to open up along the weld. 

The writer's experience is that a rod 16 feet in length is the one most 
easily handled and the one which will give the best all around service. By 
having sixteen-foot rods it is possible to pull two joints at a time and stand 
them in a derrick 22 to 25 feet high. It is also possible to use change rods 
only 4 feet long and thus the handling of the swivel and discharge hose be- 
comes a simple matter. 

In handling rods about the machine or when moving, care must be 
taken to see that they are not bent nor twnsted, and if they are not to be 
used for some time the joints should be carefully oiled, and the rods laid on 
sills spaced 4 or 5 feet apart and so arranged that the rods are kept level. 

In unloading, do not throw the rods on to the ground as this is liable 
not only to bend them, but also to cause them to open up along the seam. 

Never use a bent rod in the hole, as even a slight bend will cause the 
rods to rub against the walls of the hole and will thus cause excessive wear. 
Another objection to a bent rod is that it has a tendency to give a spring^' 
blow to the tools and it also tends to place an uneven strain upon the joints. 

When a rod is but slightly bent, it can be straightened by placing it 
over a block and then bending it back into shape. For work of this kind 
the rod can be handled cold, but when there is a considerable crook to be 
taken out, the rod should be heated, in order to prevent the seam from 
opening up. In heating, do not get the rod hotter than a light cherry red 
and while the rod is in the fire, keep turning it so that all sides are heated 
to the same temperature. If you find it necessary to do any hammering on 
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the pipe you should use a round swage as driving down on the pipe with a 
hammer is liable to crush in the wall. 

When doing drill work in the winter time care must be exercised to 
see that the water has drained from all of the rods which will remain in a 
freezing temperature, for should the water in the rods freeze, it is more 
than likely that the rods will be opened up at the seams. 

Change Rods. 

Change rods are used simply as a matter of convenience. If only full 
length drill rods were used, it would be necessary to work the water swivel 
at a height of 16 to 18 feet above the ground each time a new rod was ad- 
ded on, and as this would in turn require the use of a discharge hose 25 to 
26 feet long, it would make the handling of the rods a troublesome prop- 
osition. As the rods can be most easily controlled when the water swivel 
is kept within 6 or 8 feet of the surface of the ground, it is the usual custom 
to use change rods of such length as to keep the swivel within these limits. 

When the length of the drill rods is 16 feet, the length of the change 
rods should be 4 feet, as this will allow the using of 3 change rods and will 
make it unnecessary for the lower end of the swivel to come more than 4 
to 5 feet from the surface of the ground at any time during rod changing 
operations. Thus, in drilling operations, the first change rod is added on 
and the hole drilled down the length of the rod, then the second change rod 
is added on and the hole drilled down, then the third rod is added on and 
the hole drilled down as far as the third rod will reach. You now have all 
three change rods in the hole and you have drilled down 12 feet. You are 
now in a position to put a full length drill rod in the hole without having 
to elevate the swivel to a troublesome heighth. This can be done as fol- 
lows: Hoist the drill rods from the hole until the three change rods come 
above the surface. Remove the three change rods, and in their place screw 
on a regular 16 foot rod. Next lower the rods back into the hole and when 
the bit is on the bottom, the top of the rods will come just about 4 feet 
above the surface. By following the above method of handling the rods it 
is possible to always keep the water swivel within easy working distance of 
the ground. 

As a rule change rods are made of X pipe, the manufacturers claiming 
that inasmuch as the change rods are used at the top of the hole they are 
not subjected to heavy strain and thus do not have to be made up of any 
heavier material. 

While it is true that the change rods do not have much weight above 
them, still, owing to the fact that the change rods are used more often than 
any other rods, and also owing to the fact that they are often subjected to 
pretty rough treatment in being thrown around, the writer recommends the 
use of rods made of XX pipe. 
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Another point to be taken into consideration is that the change rods 
have to stand up to rather heavy side strains due to the rods being used a 
large part of the time outside of the hole. These strains are caused by the 
whipping back and forth of the swivel which may at times become very 
violent if the tools are not being intelligently operated. 
Hydraulic Water Swivel. 

In order to make it possible to connect onto the drill rods with the drill 
rope, also in order to take care of the sludge which discharges from the 
rods, it is necessary to place at the top of the rods, some sort of an appli- 
ance, through which the rope hook can be fa.stened, and to which a hose 
can be attached. When the hydraulic system of drilling was first intro- 
duced this appliance consisted simply of a tee which was screwed onto the 
top rod. Into the upper part of the tee was screwed a piece of pipe which 
was bent around and welded so as to form an eye for the rope hook, while 
into the side of the tee was screwed a short nipple over which the discharge 
hose was fastened. 

The tee arrangement, while very simple, was troublesome to operate 
owing to the fact that as the tools were turned the rope would be twisted 
and also the hose would be wrapped around the drill rods. 

In order to get around the above troublesome features a swiveled ar- 
rangement was finally evolved, whereby the rods were allowed to turn 
without causing the rope to twist or the hose to wrap up. Swivels have 
been constantly improved until at the present time the swivels turned out 
by some of the manufacturers are about all that could be desired. 
The main requisites of a swivel are as follows: 
It should be of sturdy construction so as to be able to 
stand up to hard work without causing trouble. 

It should be so constructed that the rods can turn freely, 
without twisting the rope or the discharge hose. 

It should be so arranged as to be easily handled. 
It should be made so that it does not leak. 
The water swivel shown in the accompanying cut em- 
braces in a high degree all the requisites named above. 

Considering the swivel in detail, it is made up of the fol- 
lowing parts: Main Stem, Swivel Plate, Swivel Plate Bail, 
Ball Bearings, Packing Box, Packing Nut, Lock Nut, and 
Discharge Stem. 

The main stem is made up of the very best grade of XX 

Ball Bearing pipe and has welded onto it two collars as shown in the cut 

on next page. The lower collar is for holding the drill handle 

or the drilling weight in place. In turning up this lower collar the upper side 

of collar should be cut straight while the lower side should be sloped off 
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down to the stem. B}' cutting the upper side straight it will make a 
square shoulder for the handles or weight to rest against and will thus 
prevent them from being driven down. By tapering off the under side of 
the collar it will prevent the collar from "hanging up" on the drive pipe 
should it ever be necessary for the stem to go into the hole. 

The upper collar on the stem forms a seat for the swivel plate and its 
upper surface should be faced off square with the stem in order to make the 
swivel hang without binding. 

The upper end of the stem is threaded, the threads being 
cut for a distance of about \]4 inches back on the end. The 
threads are cut on a taper, the taper being so figured that when 
the stem is screwed solidly into the packing box the upper collar 
on stem comes up just far enough to hold the ball bearings firmly 
in place. Should the swivel plate or the ball bearings wear thin- 
ner, the slack can be taken up by screwing the stem into the 
packing box a little further. The threads on the stem are right 
handed and thus the stem should be turned to the right in case 
it is desired to take up the slack. 
M^hi The swivel plate should be of the best grade of steel and 

stem. should be faced off on both sides so as to make an accurate fit 
with the stem collar below, and the ball races above. 

The swivel- plate bail should be made up of two kinds of material, steel 
in the upper part of bail where the wear of the rope hook comes and Nor- 
way iron at the lower ends where the eyes are formed 

The ball bearings used on a swivel have to stand up to 
hard work and thus the ball races must be made of the very 
best grade of steel and must be of ample size to stand the 
strains. The balls must also be of the very best material and 
construction as the replacing of a broken ball is a rather 
troublesome proposition. 

To put in new bearings or a new swivel plate it is neces- swivei pilte 
sary to unscrew the stem from the packing box. If the swivel *"^ ^**- 
has been in use for some time the threads may so bind that it is impossible 
to start the stem. Should this trouble arise, it can usually be overcome b}' 

heating the packing box. To do this, first remove the dis- 

^^k charge stem, the lock nut and the packing nut. Next lay the 

^1^ packing box on top of a bed of live coals and keep turning it 

^^'^ so as to heat it evenly. Never heat it over a dull red, and if 

for Swivel. it is possiblc to do so the stem should be unscrewed before the 

packing box reaches this heat. By allowing a small amount 

of water to flow through the stem, just before trying to unscrew it from the 

heated box, may assist matters. 

There are now on the market a great many hydraulic swivels which 
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are not provided with ball bearings and while these swivels are probably a 

little more "fool proof" than the ball bearing swivels, still, owing to the 

roughness with which they work, they are not to be recommended. 

The packing box for swivels should be made of soft steel and, for 

swivels of ordinar>' size it is usually about 5 inches long by 3 inches in di- 
ameter. The hole through the box is bored about 1 ^^ inches 
in diameter and as the external diameter of the discharge 
stem for swivels of ordinary size is 1 J^ inches, this allows a 

packine^Box space of Trt of an iuch around the stem which can be used 

for packing. 
The bottom part of the box is tapped out for a distance of about 1 54 

inches, the threads cut being ordinary eleven-and-one-half-to-the-inch pipe 

threads and cut on a taper, as explained above. 

The upper part of box is tapped out for a distance of about 2 inches, 
the threads cut being left-handed and cut eight to the inch. These upper 
threads are made heavy in order to make the packing nut set up easily, and 
are cut left-handed in order to prevent the packing nut from unscrewing, 
as the rods are turned to the right. As a further precaution, to prevent the 
packing nut from backing off, a lock nut is screwed onto the packing nut 
and is set up against the box as soon as the packing nut has been set down 
on the packing. 

The discharge stem should be made of cold-drawn, seamless steel 
tubing with an outside diameter of 1 J^ inches and an inside diameter of 5^ 
of an inch. The reason for using the above material is that it 
not only makes and extremely strong stem but, inasmuch as 
the outside surface of cold-drawn tubing is very smooth it 
does not cut out the packing. The size of tubing named 
above is recommended for the reason that it fits into a one- 
inch hose very snugly. 

Owing to the fact that a discharge stem is subjected to discharge 
considerable hammering it should be made of one piece of ®^^°*- 

tubing, bent into the shape desired. The accompanying cut of a discharge 
stem would indicate that it is made up of two separate parts screwed into 
an elbow but this seeming elbow is simply a casting cast onto the stem after 
it has been bent. This casting not only makes the stem stronger at the 
bend, but it has the added advantage of preventing the stem from becoming 
jammed into the packing nut. 

While the cut of discharge stem shows a stem bent at right angles and 
while most stems are made in this form, still it has been the writer's ex- 
perience that the outer end of the stem, to which the hose is attached, 
should bend down somewhat in the form of a "goose neck.'* The reason 
for so shaping the stem is that the shearing strain on the hose will be greatly 
decreased and thus the hose will last much longer. 
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In packing a swivel it is necessary to fill the packing box as full as 
possible so that when the packing nut is screwed down the packing will be 
sufficiently compressed to prevent the sludge from leaking up into the box. 
It is very important that the swivel be properly packed at the start, for 
should the gritty sludge force itself up into box it will become mixed 
with the packing so that the packing will soon be ground out. Another 
trouble is that the discharge stem will be worn rough so that even when 
newly packed it will be a hard matter to keep it tight. In case you do not 
get the swivel properly packed and it starts to leak, the best plan is to re- 
move all the packing, clean out the box and re-pack with clean packing. 

As the packing is placed in the box it should be liberally oiled as the 
oil will prevent wear. 

To do the packing properly, you should be provided with a packing 
"hook** of such shape and length that you can force the packing firmly 
down around the discharge stem. As the lower end of the discharge stem 
extends about 4}^ inches down into the top of the main stem, it is thus 
possible to lift the discharge stem 3 or 4 inches when packing and this will 
give you ample room to handle the packing **hook." 

As just stated, the lower end of the discharge stem passes down into 
the top of the main stem, which is reamed out the right amount to make a 
close fit. 

The kind of packing to use in packing a swivel is a much disputed 
point among drillers, some preferring one kind and some another, but it 
has been the writer's experience that for a low-priced, compara- 
tively long-lived packing, Italian hemp is hard to beat. If first 
cost does not scare 3'ou and you want a packing which will give 
Packing you the vcry longest possible service, use Palmetto square braided 
^"'- hemp, laid up in tallow and graphite. 

In order to keep the swivel from leaking, the packing nut should be 
set down a little from time to time. By keeping the packing tight you not 
only preclude leaks but you also prevent the discharge stem from hammer- 
ing up and down, an action which not only grinds out the pack- 
ing, but also wears out the divScharge stem. ^^ 

When drilling, the slack in the drill rope should be so let out K^ 

and the stroke so adjusted that the rope hook does not hammer 
the bail of the swivel as the hammering action is extremely hard 
on both the ball bearings and the eyes of the plate bail. When drilling in 
hard rock, some drillers use a short piece of rope between the rope hook 
and the bail, and as this prevents all hammering between the hook and the 
bail, it protects the swivel quite materially. 

The best way to arrange a rope for the above purpose is to splice an 
eye on each end of the rope, after which pass the rope through the bail and 
then place the two eyes over the rope hook. As it takes but a second to 
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Quick Repair Rope 
Bail. 



slip the two eyes on or off of the hook, the use of a piece of rope does not 
interfere in any way with the rapid handhng of the tools. For ordinary 
drill work a piece of ^ inch, soft-laid rope is of ample size. The length of 
rope after the ej'^es are spliced in should be about 1 6 inches. 

A piece of rope can also be used for making a quick repair when the 
bail or the eyes of bail become broken. The accompanying cut shows the 

way this is done. The eyes which are spliced in the 
rope should be of such size that they fit the lugs on the 
plate very snug. The length of rope after the eyes are 
spliced in should be such that the distance marked "A" 
is 6 to 8 inches. The writer used the above appliance 
one time when drilling in an unsettled country where 
supplies were slow in coming, and in order to test out 
its wearing qualities left it on the swivel for about four 
weeks, at the end of which time it was still in fair 
condition. 

To protect the ball bearings on a swivel from the 
wearing action of the grit and sharp cuttings, the ball 
races should be kept pretty well filled with hard oil or 
cup grease. If you have no hard oil, good heavy axle 
grease will do, or if there is no axle grease on the job, 
soap can be used. 

When the wear on the upper shoulder on the stem, the swivel plate, 
the ball bearings or the lower part of packing box, becomes so great as to 
allow too much play, the swivel should be tightened up by screwing the 
main stem further into the packing box. If the threads on the stem are 
not long enough to take up all the slack, the stem should be unscrewed 
from the box and the threads cut back further. Care must be exercised in 
doing this however, as the threads must be so cut that the stem, when 
screwed solidly into the box, will bind the ball bearings just enough to hold 
them. 

Hollow Rod Joints. 

Two types of joints are used on hollow rod tools, these being known as 
coupling joints and box-and-pin joints. 

The coupling joint is much the older of the two and is thus more gen- 
erally used. 

When nearly all of the drilling will be through unconsolidated deposits 
and not much hard rock will have to be penetrated, the coupling joints are 
to be preferred on account both of their better drilling efficiency and their 
lower first cost. Another advantage of the coupling joint is that it can be 
easily repaired by the man in the field without the use of special tools. 
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The better drilling efficiency of the coupling joint when used in uncon- 
solidated deposits is due to the fact that the internal diameter of the rods is 
not reduced at the joints and thus the upward rush of the sludge is not 
checked by constricted passages. Another advantage obtained by having 
a clear passage through the rods is that in case the rods become choked 
with sand or sludge they can be easily cleaned. 



The disadvantages of the coupling joint when compared with the box- 
and-pin joint are first, they do not drill consolidated deposits as rapidly, 
second, they are more liable to telescope when subjected to hard work, and 
third, they require a little more time in screwing together and unscrewing. 

In cutting threads on a drill rod, they should be cut on a slight taper, 
the taper being so figured and the threads cut to such a length that the end 
of the drill rod comes within a short distance of the center of the coupling. 
By cutting threads in this manner, it makes the rod bind firmly in the 
coupling, thus preventing the joint from getting loose. Some drillers cut 
the threads so that the rods meet in the coupling, claiming that when the 
rods butt, the strain on the threads is lessened. While this is true to some 
extent, still it has been the writer's experience that when the rods meet in 
the coupling, the ends of the rods become burred thus making them hard to 
unscrew. Especially is this so when the rods are used on hard rock work. 
A better way to protect the rods is to place one or more washers in the 
coupling, against which, the ends of the rods can be screwed. By doing 
this it is possible to cut the threads on a taper and then as the threads wear 
smaller or the couplings get larger one of the washers can be removed to 
allow for the variation. If washers are used it is a good plan to slightly 
bevel the ends of the rods so that should a burr form, it will not bind in the 
coupling. 

The washers used for the alwve purpose should ha^-e a hole through 
them about the same size as the hole through the rods so as not to obstruct 
the flow of the sludge. 

The length of the thread to cut on a rod depends upon the diameter of 
the rod, as the larger the rod the longer the coupling. 
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The following table gives the proper length of thread for rods up to 2 
inches in diameter. The table also gives the lengths of XXX couplings, 
thus making it possible to figure the distance between the ends of the rods 
when the joints are fully set. 

Thread and CoupliiiB Tabic. 

Size of Drill Rwi I 1 I IJC 1 P^ I 2 

length of XXX Hj-draiilic Couplings I 2;i j 2V 1 2Ji | .■|li 

I^nj-tli of Thread Cut on Rtxls | I'g | 1,'i I l>i | i)i 

Should the threads on the rods get in bad .shape, the end of the rod 
should be cut off and new threads cut. If the rods are to be used iu 



Arm^rongs Pip, Di« 

couplings which has been in service a good while, it may be necessary to 
hold up the threads somewhat larger than if the threads were being cut for 
a new coupling, owing to the fact that old couplings are generally a little 
over-.size. In order to be able to vary the threads cut, an adjustable die 
should be used. The Armstrong Dies shown herewith, or dies bnilt on the 
same order, are the best for handling rod work. 



The other tools needed for cutting threads, are pi|)e cutter and a pipe 
vise. These tools are shown herewith. 

As a general rule the vise is mounted somewhere on the machine so 
that it will ahva)\s be iu place. 
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III cutting threads, try to cut them without stripping any of them as a 
broken thread allows grit to get in around it and this will cause the threads 
to bind in the coupling and is very liable to result in the threads raveling. 
The use of plenty of oil and the exercising of extra care in backing the dies 
off of the threads will greatly assist in making a good job. 

The couplings used for connecting the drill roils are known as Three X 
Hydraulic, or as it is usually written, XXX Hydraulic. These couplings 
are very much heavier than ordinary coup- 
lings and are also quite a bit longer. With 
the exception of some special types of 
couplings which are punched from forged 
steel, all couplings for rod work should be 
made of wrought iron. The advantage of 
the wrought iron coupling is that the 
threads are tough and will not crystallize 
and thus the coupling will not only last 
longer but it will also preKer\'e the threads 
on the rods. 

Rod couplings are now made with 
either straight ends or recessed ends. 
Tiieoretically, the recessed coupling should 
be the more satisfactory inasmuch as the 
sleeve, extending up along the rod, should 
protect the threads from the side strains- 
However, in actual practice the reces.sed 
ing ipe w. coupling develops faults, which in -some 

ways, make it unsatisfactory for drill work. These faults are as follows: 

First. The rod sometimes binds in the sleeve, thus preventing the 
threads from Ijeing firmly set up. 

Second. The coupling being thin at the outer ends of the sleeve, it 

makes it easy for a break to start. Especially is this so if the weld has not 
been properly made. 

Third. The sleeve affords an opening where grit and sludge can settle 
and this will bind when the joint is unscrewed. 

When new rods are used for the first time, all of the threads on the 
rods and in the couplings should be carefully cleaned to remove any chips 
which may remain from the thread cutting operations, as these chips if al- 
lowed to remain will l>e apt to destroy one or more threads when the joints 
are set up. An old tooth brush makes a handy tool for this cleaning work. 
For cleaning the threads on the rods, a thread chaser made as shown on 
page 41, is also a handy tool. 
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During drilling operations the threads must be cleaned each time the 
joints are screwed together as the presence of sludge on the threads will not 
only tend to cut them out but is also apt to cause them to strip when the joint 
is uncrewed. If the threads are very rusty, or if there are several broken 
threads in the coupling, or on the rod, the joints should be oiled before be- 
ing set up. If the threads are in pretty good shape it is better to use water 
with a little soap in it as the joints will not be so apt to unscrew during 
drilling operations. 

As the couplings on rods wear quite rapidly, especially when sand rock 
is being drilled, they must be carefully inspected each time the rods are 
pulled from the hole. Especial care must be exercised in examining the 
joints on rods used in a deep hole as joints which are of ample strength for 
shallow drilling may prove unable to stand up to heavy strains of deep 
work. If a coupling looks weak, it should be replaced by a new one, or if 
the threads on a rod look defective, a rod with new threads should be sub- 
stituted. The old rod should be laid aside until after drilling operations 
are again started, when the helper should re-thread it. 

When it is desired to connect a drill rod of a certain size onto a drill 
rod of larger or smaller size, a special coupling known as a reducer is used. 
The best type of reducer is made of forged steel and the opening through it 
is either punched or drilled. By making the coupling in this manner it 
avoids the presence of a weld. 

Another method of reducing from one size of rod to another is by the 
use of a bushing. The bushing is made to screw into the coupling on the 
larger rod and then the smaller rod is screw-ed into the bushing. This 
bushing should be made of forged steel and the hole drilled or punched 
through it the same as the reducer described above. 

Box and Pin Joints. 

The manufacture of the box-and-pin joint was brought about by the 
demands of the driller for a joint which would stand up to hard rock work. 
As already explained, when using coupling joints the force of the drilling 
blow is carried by the threads and thus in hard rock the joints are liable to 
telescope, due to the stripping of the threads or the expanding of the 
couplings. 

In getting up the box-and-pin joint it was the aim of the manufac- 
turers to construct a joint along the lines of cable-tool joints, that is, to 
make a joint in which the force of the drilling blow would fall upon flat 
shoulders and not upon the threads. 

The accompanying cuts make clear the construction of the joint which 
was finally evolved and show how, when the joint is set up, the drilling 
blow is carried by the shoulder instead of the threads. You will note, 
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however, that the pin differs from a cable-joint pin inasmuch as it is cut 
straight instead of on a taper it being necessarj- to use the straight pin on 
account of the hole drilled through it. 



Both the box and pin are made up of solid pieces of soft steel which are 
roughly shaped and then welded into the rods. After welding, the joints 
are turned, and bored, after which the threads are cut. 

In welding, in order to make the weld stand up to hard work, the end 
of the soft steel is worked down so that it can be driven up into the rod for 
a distance of about 1 fa inches. Thus, should you ever desire to cut off a 
joint, you should measure back on the rod for a distance of about 2 inches 
from the point where the pipe is welded, or otherwise it will be neceessary 
to cut through both the pipe and the soft steel used in the joint. 



Owing to the fact that box-and-pin joints rely upon the friction be- 
tween the shoulder.s for holding them together, it is necessary to set up the 
joints much closer than coupling joints. In order to be able to do this the 
joints are provided with wrench squares and special tool wrenches are used. 
In setting up the joints, they are iirst screwed together by hand until the 
shoulders meet and then the wrenches are put on. In handling the wrench- 
es, they are to be used as right hand and left hand the same as cable tool 
wrenches, the left-hand wrench being placed on the square on the lower 
part of joint and the right-hand wrench being placed on the square on the 
upper part of joint. In tightening the joint the wrenches are ".snapped," 
not pulled, together. 
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To **snap up" a joint, catch the lower wrench in the left hand and 
the upper wTench in the right hand and then jerk the ends of the wrenches 
violently towards each other. As the opening in the wrenches is a little 
larger than the square, it will give quite a little play to the wTenches, and 
the jerking of the wrench handles will drive up the joint very firmlj'. 
There is quite a sleight about "snapping" a joint, and you may not be able 
to set them up very tight at the start, but after you once get the "hang" of 
it, you will be able to put them up so they will stand firm. 

What has just been said refers to tightening a joint. The loosening 
involves the same procedure except that the position of the wrenches is re- 
versed; the left-hand wrench going on the square above and the right-hand 
wrench on the square below. 

Before setting up the joints on new rods, the threads on the pin and in 
the box should be carefully cleaned. It is also a good plan to stand the 
rods on end and tap them lightly on the side wath a hammer so that anj^ 
chips, from the boring of the hole or the cutting of threads, which are in 
the pipe, will be removed. 

In cleaning the threads, remove all grease and foreign matter and if 
the shoulders have been bruised or roughened they should be smoothed up. 
When box-and-pin joints are new the threads are liable to have a wire edge 
on them and thus the first three or four times they are set up they should 
be pretty well oiled in order to prevent this wire* edge from curling up and 
stripping the threads. In oiling the joints, however, try to keep the oil ofT 
of the shoulders as a film of oil between the shoulders will tend to make the 
joint come loose. 

After the threads have smoothed up somewhat from wear, the oil 
should be entirely removed from them and nothing but clear water used in 
in cleaning them. The instructions given on pages 12 and 13 covering the 
care of joints on cable tools applies, with the exception of oiling noted 
above, to the care of joints on rod tools. 

In taking care of the box-and-pin joints on change rods, it is the usual 
custom to depart somewhat from the instructions given above, inasmuch as 
these joints are kept fairly well oiled. The reason for this is that these 
joints are used so often that, unless lubricated, they will wear rapidly. As 
the change rods are always used at the top of the hole and as they thus do 
not have much weight above them it is better to take the slight chance of 
the joints coming loose, in order to prevent wear. However all rod joints 
which go into the hole should have the oil removed and thus when taking 
off the three change rods to put on a full-length rod, the pin from which the 
bottom change rod was unscrewed should be cafefully cleaned before put- 
ting on the new rod. 

As stated on page 255, the first one to six rods on the bottom should be 
made up of XX pipe and inasmuch as a valve plate is used on top of the bit 
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pin it is necessary to have the box of the rod which screws into the bit 
somewhat deeper than an ordinary box. Thus the boxes on all XX rods 
should be cut deep enough to accomodate the pin with the plate on top. In 
cutting these boxes, however, care must be taken not to get them too deep 
as the box must be of such depth that when the joint is set up the plate will 
be held firmly against the pin. If the plate has a small amount of play in 
the box, the sludge will work under and around it and will cut out the top 
of the pin so that the sludge will leak past the valve plate. 

As change rods are sometimes used in starting a hole, when the rock 
outcrops, or is within 6 or 8 feet of the surface, it is necessary to have the 
boxes of the change rods bored out the same as the boxes on the fuUr length 
XX rods, so that a blank valve can be used on top of the bit pin. 

The followimg table gives the main dimensions of box-and-pin joints: 

Dimensions of Box and Pin Joints. 



Size of Pipe, inches Ij^ 



1>4 



2 



Smallest Hole to be used in, inches ' 2}^ 

Diameter of Pin, inches '; 1^ 

Length of Pin, inches I 1^ 



Diameter of Pin Collar, inches. 

Diameter of Box Collar, inches 

Ivength of Pin Collar, inches 

Length of Box Collar, inches ..* 

Size of Wrench Square, inches 

Size and Style of Thread, inches 

Diameter of Hole Through Joint, inches. 



2^ 


3 


3M 


IH 


1 9-16 


2 


1^8 


\'A 


2 


'^H 


-m 


3 


'^yi 


2H 


3 


2^ 


a 


4 


'sy2 


4 


5 


lU 


Wz 


V4 


8v 


8v 


8v 


9-16 


H 


n 



The length of box-collar dimensions given in the above table are varied 
sometimes on the XX rods when it is desired to use a valve larger than 
regular. 

You will find this point di.scussed under '* Hollow Rod Valves.'' 

The large joint used on the 2 inch pipe can also l)e used on 2^ inch 
pipe. When used on the 2 % inch pipe, the hole through the valve can be 
made 1 inch in diameter instead of ^ inch as shown in the table. 

You will note that the pin on the large joint is 2 inches long, 2 inches 
in diameter and that the wrench squares are 2 ^ inches, thus making the 
joint as large as some of the smaller cable- tool joints. Thus in setting up 
this joint, the tool wrenches used are provided with claws the same as cable 
tool wrenches and a small wrenching bar, built on the order of the one 
shown on page 15, is used. 

As the handling of the large joints is rather slow work, they are not to 
be recommended unless the holes to be drilled range from 3 % to 5 inches in 
diameter and the material to be penetrated is very hard. For all ordinary 
work ranging from 3 to 3}^ or even 4 inches in diameter, the next smaller 
size of joint is to be recommended. The large joints can, however, be used 
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to good advantage in connection with the other joints by using one or two 
of the heavy rods, fitted with the big joints, in the bottom of the hole and 
then finishing out with the 1 }^ or 1 J4 inch rods above. By following this 
plan, it is possible to have a large pin on the bit, this being the point where 
the greatest strain occurs. 

When the threads in a box or on a pin get in such shape that they are 
dangerous to use, new threads can be cut by cutting off the old joint and 
then turning a new pin or box. You will note from the table that the col- 
lars are made of sufficient length to enable this to be done. If the joints 
are in such shape that they cannot be re-threaded, it will be necessary to 
weld on new ends. To do this, the rod should be cut off back of the soft 
steel. If you are so situated that you can bore out the joints and turn them 
up, it is better to weld in the ends before they are turned up as it is some- 
what easier to make a good weld. However, if you are not in a position to 
turn up the joint it is better to buy the joints already turned, bored and 
threaded as then all that will have to be done is to weld it into the rod. 

The Use of a Drilling Weight. 

In starting a hole, inasmuch as only one rod is used, the weight is not 
sufficient to take the stretch out of the rope and thus it is impossible to gee 
a good stroke to the tools. To overcome this difficulty a weight should be 
bolted onto the swivel stem. Some drillers, in order to make the handling 
of the rod easy at the start, bolt the w^eight onto the rod along about the 
middle, but as this requires the removing of the weight as soon as the hole 
reaches a depth of 8 or 10 feet, it causes a waste of time, which can be 
avoided by bolting the weight onto the swivel, at the start. 

The objection argued against putting the weight on the swivel is that 
it places the weight so high above the ground that it makes the rods hard 
to handle. However, inasmuch as it does not take but a few minutes to 
drill the first few feet of hole, the weight is soon within easy handling dis- 
tance. In case you have trouble in steadying the rod from below, have 
your helper go up on the derrick and assist in holding it. 

The best size of weight to use is one weighing about 150 pounds and in 
order to make it easy to handle, it should be made up in two pieces, bolted 
together. 

To prevent the two halves of the weight from crushing the swivel stem 
w^hen the bolts are drawn up, also in order to make them hold more firmly, 
they should be provided with grooves down through the center, the grooves 
being of such depth and diameter that when the two halves are drawn up 
they come within about one- half of an inch of meeting. 

To attach the weights to the stem of the swivel place the bolts through 
one of the halves, then turn the block on its back so that the bolts heads 
will be below and the groove above. Next lay the swivel stem in the 
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I>rill outfit mounted on board a scow used in barbor iniprovemeiit work on I^ke Erie. 




Hollow rod well drilling and coal prospecting outfit owned by a Michigan drill contractor. 
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groove, so placing the stem that the upper edge of the lower collar on the 
stem comes even with the lower edge of the weight. Now slip the other 
half of the weight down over the bolts, put on the nuts and draw them up 
as tight as possible. 

The cut on the bottom of page 65 shows the drilling weight bolted onto 
the swivel and illustrates very clearly the method of handling it. The 
weight shown in the cut is made up of two pieces of cast iron 9x8x4 
inches, the two pieces being bolted together with two one-inch bolts. 

In using a drilling weight be .sure to keep the nuts drawn up well, es- 
pecially the lower one, for should the weight slip down over the collar of 
the stem, the bolts are liable to be broken, due to the heavy wedging strain 
brought against them. 

The depth that can be drilled before the drill weight is removed de- 
pends upon the size of rods being used, also upon the style of joints on the 
rods. When the holes do not exceed 200 feet in depth, it is a good plan to 
use the weight for the full depth. Even on holes up to 300 or 350 feet 
w^hen the box-and-pin joints are used, time can be made by using the 
weight. However, when light rods are being run or even when heavier 
rods, or rods with box-and-pin joints are being used and the hole is of con- 
siderable depth, care must be exercised in adjusting the stroke in order to 
prevent the joints from breaking down, or the rods from opening up along 
the weld. 

Starting a Hole with Hollow Rod Tools. 

After getting the fittings and fixtures on the machine and after getting 
the rig set up as explained on pages 3 to 7 inclusive, the first thing to do is 
to string the drill rope onto the machine. 

As stated on page 1^)4, it is the usual custom to use soft-laid rope for 
hollow rod work, and while the haswer-laid rope wnll last somewhat longer, 
still the soft rope is to be preferred on account of its greater flexibility and 
the greater ease with which it is handled. The amount of rope to use de- 
pends upon the height of the derrick. The rope should be of such length 
that 4 or 5 feet of slack wall be lying on the ground when the machine is 
strung up and one or two wraps are on the drum. It is better to have too 
much rather than too little rope as a rope which is too short will make it 
inconvenient in handling the drive weights, drive pipe, etc. 

The size of rope to use is governed by the depth to be drilled, also by 
the size or the rods used. For holes up to a depth of 400 to 500 feet, when 
the rods used are not larger than 1 ^ inches, a rope 1 ^ inches in diameter 
is of ample size. For holes up to 1000 feet, a rope 1^ to 1^ inches in 
diameter should be used. For deeper holes, the size of the rope should in- 
crease in proportion to depth. 
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After stringing the cable on machine, the rope hook should be fastened 
onto the end of the rope. The best way to do this is to splice the hook into 
an eye as shown in the cut at the bottom of page 204 and the two cuts at 
the the top of page 205. 

Two types of rope hooks are used, the solid hook and the swivel hook. 
The swivel hook possesses some advantages over the solid hook when hand- 
ling pipe driving jobs, also when pulling rods, but the writer 
does not recommend its use on deep work, inasmuch as the solid 
hook is stronger. 

The drilling tools to use in starting a hole are drill bit, drill 
rod, water swivel and drilling weight. 

The type of bit to use depends upon local conditions, and 
the manner in which the pipe driving is handled. You will find 
Solid Rope tlicse poiuts discusscd under ** Drill Bits," also ''Pipe Driving." 
Hook. ^j^^ ^j.-jj ^^ ^^^^ should be one of the 16 foot XX rods, 

unless the bed rock outcrops or comes within 6 to 8 feet of the top of the 
ground, in which case a change rod should be used in order to bring the 
drill weight, which is bolted onto the swivel, down to where it will be easy 
to handle. 

In connecting the bit onto the rod, place a blank valve on top of the 
bit as explained under Hollow Rod Valves. Now bolt the drilling weight 
onto the swivel stem as explained under **The Use of a Drilling Weight," 
and then connect up the drill rods to the water swivel, first, however, pack- 
ing the water swivel as instructed under ''Hydraulic Water Swivel." 

Owing to the fact that the discharge hose is not placed on the discharge 
stem until after the rods have been arranged for pumping, the discharge 
stem will hammer back and forth against the swivel bail when the hole is 
started, and in order to get away from this, some drillers take out the dis- 
charge stem and leave it out until it is needed. This can be done very easily 
if the swivel has not been packed, but where it has been packed, care must 
be exercised in replacing the stem in order to prevent the packing from 
being pressed out of place. 

The stem can also be prevented from hammering back and forth by 
tying it to one side of the bail and, as this can be very quickly done, it is 
probably the simplest way out of the difficulty. 

Before connecting the joints together, they should be carefuUj- cleaned 
and taken care of as advised under "Hollow Rod Joints." 

In order to make it easy to hoist the tools from the ground, after they 
are connected up, they should be laid out in front of the hole, and in line 
with the machine, the same as recommended for cable tools on page 14. 

In starting the hole, be sure that the hole comes directly under the bit, 
when the tools are hanging plumb in the derrick, for should the hole be 
started out of plumb with the tools, it is liable to drift somewhat. Some 
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drillers, in order to make sure of a proper start, dig down a foot or two 
with a post hole digger, but if the start is made in soil or clay, this is un- 
necessary if a little care is taken. 

If the start is made in gravel, or ground that ravels, it probably wull be 
necessary to drive a short piece of pipe the first thing. Should this be re- 
quired, the pipe must be kept perfectly plumb as it is driven. A good way 
to hold the pipe is to use a pair of pipe clamps as shown on page 42. By 
bolting the clamps around the pipe until they bind fairly snug and then 
leveling up under the clamps, the pipe will be driven down straight. Care 
must be exercised however, in driving the first joint to see that it is not 
driven onto a boulder, as a boulder, even of small size, will throw the pipe 
out of line. Should a boulder be struck, it may be possible to drive it out 
of the road with the tools or a hand spud, but if this cannot be done, it will 
have to be gotten rid of by some one of the methods recommended on pages 
45 to 46. If the boulder should prove to be a large one, it is very probable 
that time can be saved by shifting the machine and making a new start. 

If the hole has to be started directly on the bed rock, or if the bed rock 
is not more than 3 or 4 feet below the surface, it will be necessary to use 
some sort of device to guide and steady the lower end of the tools until the 
rock has been drilled into for at least 4 or 5 feet. The simplest device for 
this purpose is made by taking a piece of pipe having an internal diameter 
just sufficient to allow the bit to pass through, and fastening it into the 
pipe clamp shown on page 42. The length of the pipe used should be 
about 3 feet. By clamping the piece of pipe firmly between the two clamp 
timbers and then leveling up under the timbers, the bit will not only be 
guided and steadied, but the hole will be kept straight. If the bit used in 
starting the hole has been stoved out to such an extent that the shoulders 
project quite a little beyond the blade, the shoulders are apt to catch the 
lower end of the pipe on the up stroke, and thus the tools must be run care- 
fully until the hole has reached such a depth that the up-stroke does not 
bring the shoulder into the pipe. This trouble can be greatly lessened by 
fluting out the lower end of the pipe. 

The length of stroke to use in starting a hole depends upon the nature 
of the material to be penetrated. If the depth to bed rock is 60 feet or 
more, thus necessitating the driving of considerable pipe, it is best to start 
with a stroke of about 16 to 18 inches as with this length of stroke it is pos- 
sible, not only to drill faster, but also to drive the pipe to better advantage. 
If the depth to bed rock is not more than 20 or 30 feet, time can be made 
by setting the strokes at a point where it would be set for handling the rock 
work, as the small amount of dirt above the rock can be quickly drilled and 
the pipe easily driven. 

For rock drilling, when the rock is not above medium hardness, a 
stroke of 12 to 14 inches is usually used down to a depth of 350 to 500 feet. 



ORRVILLE, OHIO, U. S. A. 285 

If the rock to be drilled is of extreme hardness the stroke is usually made 
less. 

In beginning a hole whether in dirt or in rock the tools should be run 
at rather a slow speed until a depth of 6 to 10 feet has been reached, after 
which they can be speeded up. If you have never had any experience in 
handling rod tools it is best to run them about 35 to 45 strokes per minute 
until they are down about 10 feet, and then gradually increase the speed as 
the hole gets deeper and you become more experienced in the ''feel" of the 
rods. 

It is not an easy matter to give hard and fast rules governing either the 
length of stroke to use or the speed to run, as drilling conditions vary so 
greatly in different parts of the country. Another factor which influences 
the stroke and the speed is what might be termed the individuality of the 
driller. Thus, one driller will run the tools at a certain speed, with a cer- 
tain length of stroke and a certain tension on the drill rope and get certain 
results, while another driller, running the tools in an entirely different man- 
ner, will get the same results. 

As the aim of every good drill man ought to be to make the most hole 
at the least cost, you should experiment in the different formations which 
you drill and find out the best stroke to use, the best speed to run and the 
best tension on the drill rope to maintain in order to do the work. How- 
ever, in order to get any benefit from this experimenting you should go 
about it intelligently, reasoning out beforehand each step that is made. 

Another point which you must bear in mind is that a good drill man 
protects and takes care of his tools and thus, while it should be your aim to 
make the greatest amount of hole, still you should not carry this to a point 
where hole is made at the expense of broken tools. 

In starting a hole in dirt, the procedure is practically the same as that 
for cable tools described on pages 24 and 25. That is the hole is drilled 
down without the use of water as far as it will go and then water is added 
to make a sludge. 

When the sludge begins to get thick, the tools should be pulled and the 
hole bailed out. The bailer furnished with hollow rod outfits is about 5 or 
6 feet long and is of the flat-valve type. The flat valve is used owing to 
the fact that the bailer is of small diameter and thus any other type of valve 
would not prove efficient. 

As under most conditions it is possible to start the rods to pumping as 
soon as the hole is down 18 to 20 feet, the bailer is usually worked by hand, 
thus permitting of the bailer being laid to one side and out of the way after 
the work gets started. 

For handling the bailer by hand the best line to use is a one-half inch 
or a five-eighth inch mauila rope. 
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As the smaller bailers used in hollow rod work are so light that they 
wuU not sink into the sludge, they are usually used l^elow a sand pump 
"Sinker." 

A sinker is made up of a rod about 5 feet long by about yi inches in 
diameter. The upper end of the rod is flattened, a hole drilled through and 
a link passed through the hole. This link is about 5 inches long and into 
it is fastened the sand line. The lower part of the sinker rod is forged 
down and bent back so as to form a slot about 5 inches long and ^ of an 
inch w^ide. The upper part for the slot is open so that the bail of the sand 
pump can be slipped down into it. After the bail has been placed in the 
slot the opening is closed by driving the open side up against the main stem. 
The advantage of having the slot on the sinker ' is that in case the sand 
pump becomes fast it provides a means for jarring it loose, inasmuch as the 
slot wall work on the same principle as a set^of drill jars. 

Under some conditions time can be made by punching the hole down 
as far as possible without putting any water in the hole and then placing a 
10 or 15 or even a 20 foot piece of pipe, depending upon how far the hole 
can be punched down, in the hole and driving it down. .When this can be 
done it is unnecessary to use the sand pump as the pipe can be filled with 
water and the rods started to pumping. As a rule this method can be fol- 
lowed to advantage only when the material above bed rock is of a loose, 
porous nature, or w^ien the bed rock does not lie many feet below the 
surface. 

As a usual thing, it is best to drill the hole as deep as possible before 
starting the drive pipe, as the hole will be larger in diameter and thus when 
it does become necessary to set the drive pipe, it will drive easier. 

Turning the Tools. 

As explained under cable drilling, page 25, it is necessary to turn the 
tools in order to cut the hole round and keep it straight. What is said re- 
garding the turining of cable tools applies to the turning of rod tools with 
the exception that, instead of turning the rod tools first in one direction and 
then back again, as the cable tools are turned, they are always turned in 
one direction. With ordinary drill rods, having right-hand threads, the 
direction should be to the right. The reason for this is that by turning the 
tools to the right, the motion tends to set up the threads closer, thus keep- 
ing the joints tight. 

When the tools are fitted with box-and-pin joints, the necessity for 
turning them in one direction only is not so great, owing to the fact that 
these joints are held b}- the friction of the shoulders and not by the bind- 
ing action of the threads. However, with coupling joint tools, it is very 
important to turn them in a right hand direction only, and especially is this 
so when rock is being drilled. 
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For turning the rods, a handle is usually bolted onto the stem of the 
swivel, unless a drilling weight is being used, in which case the weight will 
serve as a handle. Some drillers use both the weight and the handle, bolt- 
ing the handle onto the swivel stem just above the collar and then bolting 
the weight on above handle. It has been the writer's experience that it is 
easier to handle the tools with the 
weight, than with the handle and 
thus, unless the hole is too deep to 
use a drilling weight, he never at- 
taches the handle. One of the main 
Drill HandiF. objections to the handle is that it is 

liable to slip out of the driller's hands and fly around and strike him on the 
hands or arms or even in the face. By using the weight it also makes it 
easier to keep the joints tightened up. To use the weight for this purpose, 
give the tools a quick spinning motion in the right hand direction, just as 
they start on the down stroke. As the rotation of the bit will be instantly 
stopped as soon as it touches the bottom, the momentum of the drill weight 
will be such as to throw a strong twisting strain throughout the full string 
of rods, which will thus tend to set up the joints. In fact, so strong is this 
twisting action that care must be exercised in using it, when drilling with 
one-inch rods or when the hole is of considerable depth, as it may cause 
some of the rods to open up along the weld. 

The efficiency of the above method is not very great when drilling in 
dirt, as the rotation of the bit is not arrested quickly enough to utihze the 
momentum of the weight, but when drilling in rock, and it is in this drill- 
that the joints are most apt to come loose, it is verj' effective. 
AiranKins the Outfit for Pumping. 
As soon as the hole reaches a depth which will allow the tools to be ar- 
ranged for pumping, it is best to at once prepare the outfit for operating in 
this manner, as in the large majority of ca.ses better time can be made by 
making the tools self-cleaning at the earliest possible moment. 

First pull the tools from the hole and then, by using the sand pump, 
carefully clean out all of the sludge. Especially it is necessary to remove 
all of the sludge if the hole is passing through a band of clay, as the bottom 
of the hole for a distance of 3 to 4 feet, will probably be plastered with 
"clay balls," which are liable to pack against the sides of the bit as the 
tools are lowered into the hole. Should this occur, the side holes in the bit 
are liable to be "niudded up" before the bit gets a chance to begin to work. 
Next un.screw the bit from the rod and substitute for the blank valve a 
plate- and- ball valve. Before putting valve on the bit however, the side 
holes of the bit should be carefully cleaned, and it is also a good plan to 
examine the hole in the bottom of the drill rod to see that none of the 
sludge has worked up past the blank valve and become packed in the rod. 
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In order to take care of the sludge which is pumped by the rods, also 
in order to make it possible to use the same water over and over again, a 
tank should be provided, into which the sludge can be discharged. The 
tank should be tapped about middle way of its height and a three-quarter 
inch nipple securely fastened into it. In operation, the discharge hose from 
the swivel conducts the sludge into the tank where the heavier cuttings 
settle and then the water passes back to the drill hole through a return 
hose which is fastened onto the nipple at the side of the tank. 

On account of the readiness with which it can be secured, also on ac- 
count of the ease with which it can be handled, a coal oil barrel is generally 
used for the tank. 

The discharge hose which carries the sludge from the swivel to the 
tank should be about 8 to 12 feet long, with an inside diameter of 1 inch. 
As this hose has to stand a large amount of knocking around, it should be 
of the very best grade and of 9-ply thickness. 

In order to prevent the discharge hose from threshing around and 
getting in the way of the driller, also in order to protect the hose from 
wear, means must be provided for so fastening it that, while the tools wnll 
be allowed to work freely, still the hose will be so held as to be protected 
from wear and also be out of the way. One of the simplest and surest 
methods of doing this is as follow\s: 

Secure a piece of heavj^ tough belt lacing about 36 inches long and 
fasten it securely around the hose about 2 feet from the end which goes 
over the discharge stem. In fastening the lacing, wrap it around the hose 
4 or 5 times, starting the wraps about 4 inches from one end of the lacing, 
and then, after drawing it up tight, tie it so that it will hold fast. This 
should leave one end of the lacing about 16 inches long extending out be- 
yond the knot. Next cut a slot 2 inches long in the lacing, about 4 inches 
from the end. 

After arranging the hose as above, secure ten small screw hooks and, 
beginning 4 inches from the bottom of the left-hand derrick leg, screw them 
into the leg, spacing them 6 inches apart. When drilling, the hose is held 
by slipping the slot, in the end of the lacing, over one of the hooks, the 
hook to use depending upon the position of the water swivel. Thus, when 
putting on a new change rod, one of the upper hooks will be used and then 
as the hole gets deeper the lacing is transferred to the next hook and so on. 

The left leg of derrick referred to above is the one which would be on 
the left hand side if you were standing out past the hole and facing the 
machine. 

In order to steady the end of the hose which goes into the .barrel, it 
can be tied to a nail driven into the upper end of one of the staves. Some 
drillers fasten the hose to a stick which is nailed against the side of the 
barrel and which extends 2 to 3 feet above the top of it. 
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In handling the hose while drilling, care must be taken to prevent it 
from becoming kinked as a kink will not only stop the sludge from dis- 
charging, thus causing it to be forced up through the packing, but it will 
also cause the inside lining of the hose to break down and this will later 
cause trouble by peeling off and stopping up the hose. When the lining of 
the hose once breaks down, the gritty sludge soon eats into the canvas and 
totally destroys the hose. 

Especially is it necessary to prevent the hose from becoming kinked 
when the tools reach the top of the up stroke, as it is at this point that the 
heaviest discharge begins. This is due to the fact that the upward stroke 
of the tools gives a momentum to the sludge in the rods and this momentum 
causes the sludge to rush out through the discharge hose the instant the 
rods stop and start on the down stroke. Should the hose be sufficiently 
kinked or any other cause arise to prevent the escape of the sludge, the 
sludge in the rods will tend to acquire a downward momentum, on the down 
stroke, and this will in return retard the entrance of the sludge through 
the bit. 

On the other hand, if the sludge is allowed free passage through the 
discharge hose, it begins to rush out the instant the tools reach the top of 
the up stroke, and as this forms a vacuum in the rods it makes the ingress 
of the sludge through the holes in the bit much easier. Thus by keeping 
the discharge unobstructed, it not only makes it easier for the sludge to es- 
cape, but also assists in drawing into the rods the largest possible amount 
of sludge at each stroke. 

The description of the action of the sludge^ in the rods, made above, 
taken in connection with the description given under **Drill Bits'* begin- 
ning on page 249, will give an idea of the forces at work in making drill 
rods pump. 

The cut on the following page shows how an outfit can be arranged for 
pumping after the drive pipe has been started into the hole. The same 
method can be employed for handling the work before driving any pipe, ex- 
cepting of course, the return hose will discharge directly into the hole in- 
stead of being connected onto a tee. 

You will note that the cut shows a screen on top of the barrel, onto 
which the cuttings are being discharged. A screen is often employed in 
coal prospecting work when drilling through the coal, but is rarely used in 
water well work. Should you desire to test or sample any material through 
which you are drilling, it can be done by allowing the sludge to discharge 
into a bucket and then after giving it sufficient time to settle, pour off the 
excess sludge and water and wash the cuttings. 

When using hollow rod tools by the self-pumping or hydraulic method, 
it is necessary to keep the hole pretty well filled with water, the amount of 
water to use depending upon the nature of the material being drilled. As 
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a general rule, unconsolidated deposits are harder to pump than rock and 
thus when the rods are first arranged for pumping, the hole should be filled 
nearly to the top. 

After filling the hole with water, the barrel should be filled until the 
water just begins to run out through the discharge hase. By bringing the 



water in the barrel up to this point it will run back into the hole just as fast 
as it is pumped out and thus the amount of water in the hole will remain 
constant, except for that which leaks out. This leakage can be made up 
by pouring additional water into the barrel from time to time. 

The length of time which one barrel of water will last depends upon 
the material being drilled. Material like clay or some of the shales which 
thicken rapidly, may reqnire a new barrel or rather a new half barrel of 
water every two or three hours, whilt- in drilling certain limestones and 
sandstones, one filling of the barrel will last for a day or two. If you 
are in a region where water to drill with is hard to ^et, it is a good plan to 
have two barrels for discharging the sludge into, as one barrel can be used 
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until the sludge is too thick to handle well and then this barrel set aside 
and the other barrel used. By the time the sludge in the second barrel 
becomes too thick to handle, the cuttings in the finst barrel will have 
settled and then the water can be draw^n off, the cuttings removed from the 
barrel and the water returned thereto, with the least possible loss. 

Generally when drilling in sands and gravels and often times when 
drilling in rock, the hole will "bleed" a small amount and thus it can be 
so arranged that more water will be pumped from the hole than returns to 
it. Under such circumstances this excess water can be stored, thus making 
it possible to cut down the amount needed from the outside. When the 
"bleed" is considerable, it may be sufficient to not only take care of the 
hole, but also to furnish water for the boiler or for other i>urposes. 

As previously stated, the rods pump best when the hole is fairly well 
filled with water, but only in hard -pumping material it is absolutely neces- 
sary to use a large quantity of water. In fact, in certain clean -cutting rock 
formations, such as sandy shales, clean sand stones and limestones, it is 
best to limit the quantity of water in the hole in order to lessen the force 
with which the sludge is discharged, thereby miking it easier to hold the 
packing in the swivel. 

It is impossible to give an inflexible rule covering the amount of water 
to use in the hole as so many factors enter into this consideration. How- 
ever, the pumping efficiency of a set of tools correctly made and skillfully 
operated is much greater than is ordinarily supposed. The writer has ex- 
perimented somewhat along this line and has found that when drilling a 
2 5^ inch hole and cutting a clean, sandy, shale he was able to get good re- 
sults at dei)ths and with amounts of water as follows: 

Depth of Hole. Amount of Water in Hole. 

75 feet 4 feet 

200 feet 8 feet 

350 feet 12 feet 

500 feet 20 feet 

The above results were obtained under favorable conditions and thus 
should not be considered as standards to govern drill work. The figures 
are given simply to show that it is unnecessary to have a hole full of water 
in order to make the rods pumj). 

There is now another point to be considered regarding the amount of 
water to use, this being the buoyant effect of the water on the rods. Where 
a hole is not over 100 or 200 feet in depth, the weight of the tools is not 
sufficient to put a dangerous strain upon the rods, or the joints, unless a 
long stroke is used and the tools are being run on hard material. However, 
as the hole gets deeper, the total weight of the rods becomes greater, and 
thus the strain on the rods in the bottom of the hole mounts up. rapidly. 
To overcome this heavy strain, the stroke is shortened as explained on 
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page 245, but even with the shorter stroke, when holes of great depth are 
being drilled, the strain on the tools in the bottom of the hole becomes de- 
structive unless the weight of the string of rods is partly buoyed up by a 
column of water in the hole. 

It sometimes happens that a crevice is struck which drains all of the 
water from the hole. If this occurs when the hole is of considerable depth, 
it will be necessary to hold a somewhat stifFer tension in the drill rope and 
also run the tools at a slightly slower gait in order to protect the rods. 
Unless the crevice is of considerable size, the cuttings from the drill hole 
will soon plug it. After drilling 2 or 3 feet beyond the crevice, pour sev- 
eral buckets full of water in the hole to see whether or not the crevice has 
been sealed. If the hole holds water, the drill work can then go on as it 
did before the crevice was struck. 

In case the hole is of considerable depth and does not hold water, it is 
usually a good plan to attempt to seal the crevice. To do this remove the 
drill rods from the hole and pour into the hole a thick batter of clay and 
water. There should be enough of the batter to fill the hole up past the 
crevice for a distance of 3 to 4 feet. Now remove the plate-and-ball-valve 
on top of the bit and substitute a blank valve and after lowering the tools 
into the hole, churn them up and down, thus puddling the clay into all of 
the cracks and crevices. After operating the tools for about ten minutes, 
slowly pour water into the hole until the clay has about 50 feet of water on 
top of it. By adding the water, the pressure on the clay is increased and 
thus the clay is forced further into the openings. Continue puddling the 
clay, after the water has been added, for about five minutes, and then re- 
move the rods, exchange the blank valve for a plate-and-ball-valve and pro- 
ceed with drilling operations. 

In order to prevent the bit from clogging, when first lowered into the 
hole, it should not be lowered deeper than the top of the clay before the 
tools are put to pumping. Gradually lower the tools as the clay is pumped 
out and when the hole is clean, drill work can be continued the same as 
before the crevice was struck. 

If the hole which you are drilling is for prospect work, or if it is for 
water, and you know beforehand from your familiarity with the territory, 
that the water will not rise as high as the crevice, then there is no necessity 
for stopping the leak, for as soon as the hole is drilled a short distance 
beyond the crevice, the rods will again pump and the work will go on as 
before. However, if you are drilling for water and the water when struck 
will rise above the crevice, it is best to seal it in order not to allow the 
water to escape. If you are drilling for flowing water, it is absolutely 
necessary to stop all crevices or else re-case the hole if the best flow is to 
be obtained. If the clay method advocated above does not prove effective 
it may be possible to plug the crevice by washing sawdust, bran or oats 
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into the open spaces and then closing them up with the clay. Should all 
of these methods fail, it will be necessary to cement the hole as explained 
on page 48. 

Driving Pipe. 

While the methods employed in handling pipe driving jobs with hol- 
low rod outfits are somewhat different from those used with cable tools, 
sti^U what is said on pages 29 to 42 inclusive, in the cable tool section re- 
garding protecting the lower end of the pipe, also kinds of pipe to use, as 
well as different methods to use in connecting up the pipe, etc., applies to 
hollow rod work as well as to cable work, and thus these pages should be 
carefully read. 

With hollow rod tools it is generally possible to drill much deeper be- 
fore setting the pipe, than can be safely done with cable tools. This is due 
to the fact that the rods are continuous from the bottom to the top of the 
hole and thus even though the hole should cave in on the tools, they can 
be recovered. As the hole will be larger, if drilled without drive pipe, it is 
generally best to drill as deep as possible before starting the pipe into the 
hole, as the pipe will go down easier, when finally it does become necessary 
to drive it. Especially should this advice be followed if a long line of pipe 
has to be driven. 

Another advantage gained by drilling the hole as deep as possible be- 
fore driving the pipe, is that long lengths can be driven thus making the 
cost of pipe much less than if the shorter lengths were used. Not only do 
the longer lengths cost less, but in case hard driving is encountered further 
down they will drive easier, due to the fact that there are fewer couplings 
in the hole. As the hardest driving is usually towards the bottom, it is 
best to have as few couplings as possible at that end of the line. A line of 
drive pipe made up of full-length pipe will also be somewhat safer on hard 
driving work, inasmuch as the fewer the couplings in the hole the fewer the 
chances for the pipe to break down at the joints. 

The depth it will be possible to drill before driving the pipe depends 
largely upon the nature of the material being penetrated. When drilling in 
certain kinds of clays it is possible to drill several hundred feet without 
driving any pipe, as the rubbing up and down, and the hammering back 
and forth, of the drill rods against the walls of the hole, seem to pack them 
so that they stand firm. On the other hand, when sand or gravel i^ pene- 
trated, it is very rarely that the walls can be made to stand and thus time 
can usually be made by driving pipe as soon as either of these ravelly 
materials is encountered. 

The pipe driving device used in hollow rod work is shown on page 185. 
As explained on page 184 this device is also used in pulling pipe. The 
only difference between the two operations is that in pulling pipe the 
stroke is so adjusted that the pulling plug is struck on the up stroke by the 
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jarring head, while driving pipe, the stroke is so adjusted that the driving 
weight strikes the plug on the down stroke. Thus when using this device 
the pipe can be driven either down or up simply by varying the amount of 
drill rope let out. 

The cut on the opposite page shows the outfit hooked up ready for 
business. 

The weight of driver to use on rod work depends upon the size and 
amount of pipe which will be driven. For all ordinary work the driver 
need not weigh over 300 pounds. In fact a great many pipe driving jobs 
can be handled by a driver not exceeding 150 pounds in weight. On some 
work, however, it is necessary to use a very heavy driver and when such 
work arises, the weight of the driver can be increased by bolting more sec- 
tions onto the driver stem. As a rule the most convenient size of section 
to use is one weighing 150 pounds, that is, each separate weight will weigh 
only 75 pounds but the two weights which go together to make a pair or 
section will weigh 150 pounds. By having the weights divided up into the 
75 pound pieces it makes them more convenient to handle, and it also 
makes it possible to use the sections interchangeably with the drilling 
weights, in case one of these weights should become broken. 

Some drill manufacturers make a drive weight having the lower part 
filled in with wood, so that in driving, the wood, and not the iron comes in 
contact with the drive plug, or the drive head. This sort of a weight is of 
some advantage when an uncontrolled type of spudder is used, owing to 
the fact that the wood protects the upper end of the pipe, but it is of no 
benefit when used on a machine having a good spudder inasnutch as with a 
spudder which can be controlled, the force of the blow delivered can be so 
regulated that trouble will arise only when the tools are carelessly or 
ignorantly handled. 

The driver stem on the driving and pulling device is made of the very 
best grade of XX pipe. The lower end of the stem on which the jarring 
head is screwed, is threaded back a sufficient distance to allow a XXX 
coupling to be screwed on full length. 

When it is desired to drive a different size of pipe the XXX coupling 
is unscrewed, the old pulltng-and-driving plug slipped off and a plug of 
proper size slipped on, after which the coupling is again screwed onto the 
stem . 

When the pulling-and-driving device is to be used for handling ex- 
tremely heavy pipe j)ulling work the stem should be cut longer than the 
ordinary length and should be made of solid steel. The jarring head on 
the lower end of driver stem should also be made of steel and should be 
longer and heavier than a XXX coupling. 

In handling a pipe driving job where the hole has been drilled to a 
considerable depth before starting to drive, it is very likely that the first 
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three or four lengths of pipe will slip down without much driving. If such 
is the case the pipe clamps shown on page 42 should be set over the hole 
and when the lower edge of the upper coupling of the piece being driven 
comes within an inch or two of the top of the clamps, they should be tight- 
ened up to prevent the pipe from slipping down into the hole, while the 
next joint is being screwed on. 

If the hole is of such size that the pipe can be lowered without having 
to be driven, there is no need of using a pipe driver and the work can then 
be handled by some one of the methods described under "Re-casing a 
Hole," page 187. In those regions where holes can be drilled to a con- 
siderable depth before driving pipe, it is best to use a bit which will cut a 
hole somewhat larger than the outside diameter of the coupling on the drive 
pipe as this will allow the pipe to be lowered without driving. As pipe can 
can be lowered into a hole much faster than it can be driven into it, time 
will be saved. 

In case it is necessary to drive the pipe, and long lengths are used, it 
can be handled best by attaching it to the driver before the pipe is hoisted 
from the ground. To do this lay the driver fiat on the ground with the 
driver stem in line with the middle sill of the machine and pointing away 
from it. Now slip the pipe over the driver stem and screw the plug into 
the coupling of the pipe. If the pipe being driven is 3 inches or larger in 
diameter, it should be pulled back on the stem until the plug is drawn 
against the jarring head, for should there be any slack between the jarring 
head and the plug, the pipe will slip back, the amount of this slack, as it is 
being hoisted. 

Should the slack be left between the head and the plug and the stem 
bind in the plug, the pipe is liable to be hoisted to a nearly vertical position 
before the slip takes place and should this occur, the pipe will drop the 
distance of the slack and this might result in injuring the man handling 
the tools. 

You will note in the above that you are instructed to lay the pipe 
driver so that the stem of driver comes in line with the middle sill of ma- 
chine. This is for the purpose of bringing the pipe in line with the center 
of the derrick so that when the driver and pipe are hoisted, the drill rope 
will travel in line with the crown pulley thus preventing the rope from 
slipping off to one side. On account of local conditions it will sometimes 
be impossible to arrange the driver and pipe as instructed, and where such 
conditions exist, care must be taken to see that, as the driver is hoisted, it 
is kept shoved up so that the rope will not be pulled with too great a force 
against the side of the crown pulley. 

In calculating the amount of pipe to be driven, it should be so figured 
that the top of the pipe does not extend more than 1 or 2 feet above the 
surface of the ground, when the pipe has been driven as far as possible. 
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The reason for this is that a greater height will make it inconvenient to re- 
turn the water to the hole when drilling operation are started. Under some 
conditions it is necessary to have the pipe extend several feet above the 
ground, but these are special cases and will be discussed further along. 

After driving the pipe as far as possible, the driver should be laid to 
one side and the hole filled with water to within 15 or 20 feet of the top. 
Next lower the tools into the hole, rig up the discharge hose and the return 
hose and proceed with the drilling operations. If the pipe has had to be 
driven, there will be a plug forced up into it and this plug will have to be 
drilled through before the end of the pipe is reached. If the pipe has not 
required very hard driving, the plug may not be solid, and if such is the 
case the tools, when first lowered into the hole, should be let down very 
carefully for the last 3 or 4 feet so as to prevent the loose clay and dirt, 
which has been shaved from the walls, from stopping up the holes in the 
bit. By keeping a '^feel" on the rods it is possible to tell the condition of 
the sludge in the bottom of the hole, and when the ''feel" indicates that 
the sludge is very thick, the bit should not be forced into it. The better 
plan is to stop the tools at the top of the sludge and then drill down 
through it. 

After the plug has been drilled out, the hole should be continued on 
down as far as possible below the pipe, as the further ahead it is possible to 
drill, the longer the length of pipe which can be driven. Another advan- 
tage of drilling ahead is that the hole will be somewhat larger, due to the 
oscillation of the rods, and thus the pipe will drive easier. 

When the hole reaches such a depth or material being penetrated is of 
such a nature that you are unable to drill sufficiently far ahead to drive a 
full length piece of pipe, time can be saved and money made by using 
shorter lengths. 

As a rule these shorter lengths are cut about 4 or 5 feet long. Where 
especially hard driving conditions have to be handled the lengths are some- 
times made as short as 2 or 3 feet. These very short lengths, however, 
should not be permitted to remain in the hole and, if the driving conditions 
are such that a considerable amount of pipe will have to be driven, even 
the four- foot lengths should not be allowed to remain in the hole, as money 
can be saved by using joints as long as possible, due to the fact that the 
cost of pipe per foot increases considerably as the lengths are made shorter. 

For handling a hard pipe driving proposition, the driller should be 
provided with joints of pipe of several different lengths, the most conven- 
ient lengths being 2, 4, 6, 8 and 10 feet. By having these various lengths 
it is never necessary for the top of the pipe to be over a foot or two above 
the surface of the ground, inasmuch as the two-foot piece can be driven 
down first, then this piece unscrewed and the four-foot piece put on and 
driven down, then the four-foot piece unscrewed and the six-foot piece put 
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on and driven down, etc. In order to make it possible to unscrew the dif- 
ferent lengths after they are driven, it is necessary that the hole, w-hen first 
started, be drilled quite a little larger than the outside diameter of the 
couplings on the drive pipe. Thus if three-inch drive pipe is being used 
the hole should be at lea.st 4/4 inches in diameter down to a depth of 12 to 
15 feet. If the upper part of the hole is through material which is liable to 
ravel or cave, or even if the material is a firm clay w^hich will stand well, 
and considerable hard driving will be encountered, it is best to set a piece 
of casing at the top. The length of the piece of casing to set depends upon 
the length of the longest piece of drive pipe which will be driven. As a 
rule, on hard driving work a ten-foot piece of pipe is the longest used, and 
thus the piece of casing to be set need not be over 12 or 15 feet long. The 
internal diameter of the casing should be of such size that the couplings on 
the pipe will readily slip down through it. On three-inch work the casing 
should be at least 4^ inches, other sizes in proportion. 

In handling a pipe driving job by the above method the length of the 
piece of pipe put on depends upon how far the pipe can be driven. If you 
are in material which will not allow more than a foot or two of driving, 
then the two-foot piece should be put on and driven down as far as possible. 
If it is possible to do so, this piece should be driven down until the bottom 
of the coupling comes within two or three inches of the top of the coupling 
on the large pipe. If this cannot be done, then it will be necessary to drill 
out the hole and drive again. 

After the two-foot piece has been driven down as far as it should go, 
the hole should be drilled as far ahead as possible, then the two-foot piece 
unscrew^ed and a 4, 6, 8 or 10 foot piece screwed on in its place. The 
length of the piece of pipe to use in place of the two-foot piece will be de- 
termined by the depth it is possible to drill ahead or by driving capacity of 
the material being drilled. If you are unable to get ahead with the hole or 
if the material drives "mean," then a four-foot piece should replace the 
two-foot piece. The procedure to follow out with the four-foot piece is the 
same as with the two-foot. After the four-foot piece has been driven, the 
hole is drilled ahead, the four-foot piece unscrewed and a 6, 8 or 10 foot 
piece screwed on in its place. The above method is followed out until a 
ten-foot length is in the hole. The ten-foot piece is allowed to remain and 
if you are still in hard driving, the two-foot piece is screwed onto the ten- 
foot piece and the work continued as described above. It may be that after 
8 or 10 feet of hard driving it will l)e possible to drill ahead, or the ma- 
terial will so change that the pipe will drive easier, and under either of 
these conditions it is best to use as long a length of pipe as can be conven- 
iently handled. 

In screwing on the 2, 4, 6 and 8 foot lengths of pipe, the threads 
should be liberally oiled and the joints set up just a little looser than on the 
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long lengths, owing to the fact that the short lengths will have to be un- 
screwed while the joint is down in the hole, and thus this joint must be so 
set up that it will come unscrewed, rather than the joint lower down. In 
screwing on the ten -foot piece, however, it should be set up as tight as 
possible, inasmuch as this length will go down into the hole. 

When handling a pipe driving job by the above method, the outer or 
larger casing must be left in the ground until the drive pipe has been seated 
in the rock, after which it can be pulled, and saved for the next job. Some 
drillers use the above method for handling full, twenty-foot lengths of pipe 
through hard driving, but inasmuch as this requires the driving, of a 
twenty-foot outer casing, and also requires the connecting up of joints down 
18 to 20 feet in the hole, the writer does not consider it a paying propo- 
sition. The writer's reason for this opinion is based on the fact that the 
difference in cost between ten-foot and twenty-foot lengths of pipe is not 
sufficiently great to justify the time lost in connecting up joints down so 
far in the hole nor in constantly having on hand the extra number of pieces 
of pipe necessary for carrying the work down to a depth of 20 feet. 

In all of the pipe driving methods covered by the foregoing pages, 
the regular pipe driving device shown on page 185 is used, and thus each 
time the pipe is driven, the drill rods have to be removed from the hole and 
then after each driving operation is finished, they have to be again let down 
into the hole. As this handling of the rods consumes a considerable 
amount of time, especially when the hole is rather deep or when the pipe 
driving conditions are such that only a small amount of pipe can be driven 
at one driving, speed can usually be made by driving and drilling at the 
same time. 

To drive and drill at the same time a weight or driver is bolted onto 
the drill rods at such a point that, when the bit is striking on the bottom of 
the hole, the driver is striking on top of the pipe. Thus if the top of the 
pipe extends 3 feet above the ground, the driver should be bolted on so 
that the bottom of the driver will be just 3 feet above the ground when the 
bit is on the bottom of the hole. When drilling by this method good judg- 
ment must be exercised, for should the hole drill out faster than the pipe 
drives, the full weight of the rods will fall upon the upper rod couplings at 
each blow and if the hole is above 80 or 100 feet in depth, the strain may 
become violent enough to pull the rods apart at the joints. Should the 
pipe tend to drive faster than the hole drills, the danger is not so great, 
unless a very deavy driver is being used. In case the driver is too hea\'y 
and the pipe goes down faster than the hole, the strain on the rods may be 
sufficient to kink them. 

When drilling and driving at the same time, it is best to use pipe cut 
in four-foot length as this length corresponds with the length of change 
rods and thus it will be unnecessary to move the weight after it is once 
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bolted on. The best place to fa.sten the weight is on the swivel stem at the 
same point that the drilling weight is fastened. In fact, the drilling 
weight is often used as the driver, when drilling and dri\Hng at the same 
time. Should the conditions be such that the weight when bolted onto the 
swivel stem, does not come at the proper point for striking the top of the 
pipe when the bit is on the bottom of the hole, and should you not have a 
piece of proper length to make the weight come just right, then the weight 
will have to be bolted down on the change rod. 

Besides the drilling weight referred to, there is also another type of 
driver used in handling the above work, this driver being made of soft steel 
block.s 4 X 4 X 10 or 12 inches. The accompanying cut shows its construc- 
tion. As this driver 
weighs only about 90 
pounds and as it is so 
shaped as to be more 
convenient to handle 
than the drilling 
weights, it is to be 
preferred, when the 
work is of such nature 
that the driver will 
have to be changed 
very often. 

In order to be 
Hollow Rod Drive ciaiBt". able to retum the 

sludge to the hole 
when drilling and driving at the same time, the barrel into which the 
sludge is discharged, should be elevated about 3% to 4 feet above the 
ground so that the nipple, to which the return hose is attached, will always 
be above the top of the pipe. The return hose will have to be a little longer 
tliau the one generally used and the top of the drive pipe will have to be 
fitted witn a maleable or steel tee, into which a H inch nipple can be 
screwed. By slipping the return hose over the nipple in the barrel, also 
over the nii)ple iu the tee, the sludge will be returned to the hole during 
the entire drilling and driving operation. 

There are many other methods of taking care of the sludge proposition 
besides the one referred to and it may be that, owing to local conditions, 
you will be able to work out a better plan, but inasmuch as the the ele- 
vating of the barrel is a simple and |)ositive means of handling the job, it is 
to Iw recommended for general work. 

One of the main advantages of drilling and driving at the sane time is 
that rods do not have to be removed from the hole each time a new piece of 
pipe is driven. The work can be handled as follows, when four-foot 
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lengths of pipe are used and when the driver is bolted onto the swivel stem. 
First disconnect the return hose from the nipple in the tee, and then un- 
screw the tee until it is loose from the pipe. Next hoist the rods until the 
joint between the swivel and the first rod comes about one foot above the 
top of the tee. Hold the rods at this point by passing the foot-wrench un- 
der the joint, or by using Brown's tongs, or holding tongs. In putting the 
holding device on the rods, first lift the tee and then place the device on 
the rod below the tee, thus carrying the weight of the rods on the top of 
the pipe, and allowing the tee to rest upon the tongs or whatever device is 
used for holding the rods. Next unscrew the swivel from the rods and 
hoist it until the bottom of the swivel stem comes about 5 feet above the 
ground. Next connect a four-foot change rod onto the top of the rod ex- 
tending out of the hole, first, however, removing the tee which has been 
unscrewed from the pipe and which is resting on the holding tongs 

After setting up the joint on the change rod, screw the tee onto a four- 
foot length of pipe, and then slip this piece of pipe down over the change 
rod, which has just been connected up. In slipping this piece of pipe over 
the rod see that the end of the pipe with the tee on is at the top. Now 
lower the swivel down on top of the change rod and connect up this joint. 
Next hoist the rods until the strain is taken off of the holding tongs, after 
which remove the tongs from the rods, screw the four-foot piece of pipe 
onto the top of the drive pipe, atttach the return hose to the nipple in the 
tee and you are again ready to begin drilling and driving. 

The methods outlined above will have to be varied somewhat when the 
driving weight is not bolted onto the swivel stem or when the pieces of 
pipe used do not correspond in length with the change rods. However, the 
general plan followed under all conditions is practically the same as that 
outlined. 

When driving pipe either by the straight driving method or by drilling 
and driving, the pipe tongs should be placed on the drive pipe and the pipe 
set up from time to time, as the constant hammering tends to loosen the 
joints and a loose joint may cause the threads to strip on hard driving. 

When seating drive pipe in the rock, the instructions given on pages 
46 to 50 should be followed out. After the pipe has been seated in the 
rock, it is a good plan to screw a short, fluted or funnel shaped nipple into 
the top coupling, as this will prevent the joints on the rods from hanging 
up on the top of the pipe during drilling operations. Especially is the flut- 
ed nipple an advantage when box-and-pin-joint rods are used. 

Hoisting Drill Rods. 

As the time occupied in hoisting drill rods is dead time, the rods 
should not be hoisted more often than is necessary, and then when it does 
become necessary, the work should be gone through with in the least pos- 
sible time. 
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In hoisting it is best to hoist two or more rods at a time, for by so 
doing the time consumed is brought down to the minimum. Another ad- 
vantage is that the number of joints unscrewed is less and thus some of the 
trouble of the joints coming loose in the hole is done away with, inasmuch 
as the fewer times a joint is unscrewed, the better will it hold. 

The number of rods which can be puUed at one time depends upon the 
height of the derrick. On machines of ordinary size, the derrick is usually 
from 22 to 27 feet high and thus two rods are pulled at one time. 

While the general methods used in handling the coupling -joint rods 
and the box-and-pin- joint rods are very similar, still there is a difference in 
some of the appliances used and thus the methods will hs discus,sed sepa- 
rately. 

We will first take up the hoisting of the coupling- joint rods. 
When beginning hoisthig operations, the swivel should first be un- 
screwed from the rods and then laid to one side so as to be out of the way. 
In unscrewing the swivel, be sure to have the swivel stem unscrew out of 
the coupling, thus leaving the coupling on the drill rod. This same advice 
applies to the unscrewing of any coupling joint along the line of rods as 
any rod taken off should be unscrewed from the 
coupling. The reason for this is that it makes 
it easier to again to connect up the rods and also 
makes it safer in the handling of the rods. The 
main advantage, however, is that it makes i 
possible to use a \'ery simple and effective tool, 
namely the grab hook, in the hoisting of the 
rods. 

Two types of grab hooks are used, namely 
the stiff hook and the swivel hook. The stiff 
hook is the cheaper of the two but the swivel ^"HMk^™*" 
Grab Hook, liook posscsses a slight advantage which in some 

respects makes it more satisfactory. Thus in hoisting rods 
with a swivel hook, the drill rope can twist around without causing the 
rods to wind around the rope or without causing them to be thrown out of 
line. 

In order to be able to bring the grab hook back to the ground after a 
rod has been hoisted, the hook is providetl with an eye into which should 
l>e fastened a piece of one-half inch rope. The length of rope depends up- 
on the height of derrick, but for derricks of ordinary height, the length 
need not exceed 20 feet. 

After removing the water swivel from the rods as instructed above, 
place the grab hook onto the rope hook and then slip the grabs of the hook 
under the the coupling on the top of the drill rods. 

Next throw the hoist into gear and elevate reds until the next joint 
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conies above the surface. Hold the rods at this point by placing a pair of 
Brown's tongs on the pipe and driving a pipe coupling of proper size, up 
onto the handle of the tongs. Allow the weight of the rods to rest upon 




the tongs and then throw the hoist out of gear and by use of tlie small rope, 

which is fastened into the eye of the grab hook, pull the hook down again. 

In placing the tongs on the rods, the rods should first be elevated to 

such a point that the coupling stands about two feet above the top of the 

ground, or, if drive pipe is ustd in the hole, about 2 feet 

above the top of the drive pipe. 

Besides the Brown's tongs referred to above, there are 
also other appliances used for the same purpose. Thus we 
have the regular holding tongs which operate practically in 
the same manner as the Brown's tongs, also the more elabo- 
rate rod jack. 

The rod jack is very handy in its cperation. but inas- 
much as an efficient jack is 
a pretty high priced tool, 
it is not very generally 

The manner of ( perating 
Holding the rod jack will be readily 

""''"' understood from the cut. 

As stated sbove, the rods should he 
pulle<t two or n.ore lengths at a time 
and also, the same joints should be un- 
screwed each time the rods are hoisted. 
To enable you to unscrew the same 

joints each time it is necessary that you ^^.^ ^^^ 

keep track of the number of rods in the 

hole. Thus, if you have twelve rods in the hole and you are pulling two 
rods at a time, it will require the pulling of six sections of rods, each sec- 
tion made up of two lengths. On the other hand if there are thirteen rods, 
or in fact any odd nunilwr of rods, the first section to be pulled will con- 
sist of but one rod and then all the rest of the sections will be made up of 
two rods. 
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There is however, one exception to the foregoing advice and that is 
when valves are used in the rod line. Under such circumstances the differ- 
ent sections to be pulled should be so arranged that the joints containing 
the valves are not disturbed. 

In hoisting sections made up of two rods, the first ro4 is hoisted until 
the joint in the lower end comes about 2 feet above the top of the ground, 
and then the tongs are fastened onto the rods and the grab hook pulled 
back as already explained. 

Next the grab hook is slipped under the lower coupling and tlje rods 
hoisted until the lower coupling on the second rod comes above the ground, 
when the tongs are again fastened onto the rods and grab hook again 
pulled down. 

The rods are now unscrewed at the second joint, and the section made 
up of the two rods is allowed to stand in the rod ring of the derrick. 

When hoisting the rods care must be taken to guide the top of the rods 
up through the rod ring, also to prevent the top of the rods from striking 
the top of the derrick as a kinked rod is liable to result. 

To prevent the bottom of the rods from becoming dirty, they should 
be set on a plank, the plank being so placed that the rods lean a little 
towards the machine. The cut on the following page shows the manner in 
which the rods are handled. 

As the rods, when pulled, will be full of water and sludge and as this 
sludge if allowed to run out onto the ground, will make things very dis- 
agreable around the hole it is best to provide a discharge trough as a run- 
off, or else allow the sludge from the rods to discharge into a bucket. Es- 
pecially should you make an effort to keep things clean around the hole if 
you are drilling near a dwelling, as a driller who has the reputation of 
mudding up everything around the place will not be very anxiously sought 
by particular people. 

When unscrewing the bit care must be taken to prevent the out-rush 
of the sludge from washing the ball or valve plate into the drill hole. A 
good plan is to cover up the hole by placing a plank or an inverted bucket 
over the drive pipe. 

The methods used in handling rods with box-and-pin joints are the 
same as those already described, with the exception that regular tool wren- 
ches are used in "breaking" the joints and a foot 
wrench, instead of the Brown's tongs, are used for 
holding the rods. The accompanying cut shows the 
construction of a foot wrench. 

Foot Wrench. 

In using the foot wrench, it is placed below the 
collar on the joint and then the weight of the rods is allowed to rest upon 
the wrench while the joint is unscrewed. 
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Lowering Drill Rods. 

In lowering drill rods into the hole, the operation is practically the 
reverse of the hoisting operations except where shallow holes are being 
drilled or where the rods are of such small size that their total weight is 
not great. 

Under either of the two exceptions noted, it is sometimes the custom 
to use a pair of sliding tongs, as with them a small amount of rods can be 
more rapidly handled than by using the hoist on the machine. 




sliding Tongs. 

In using a pair of sliding tongs, they are clamped around the rod and 
then the rod allowed to slide through by slightly opening the tongs. The 
speed with which the rods descend is governed by the pressure on the 
handle of the tongs. 

As already stated under "Hollow Rod Joints," it is necessary to clean 
off the different joints before screwing them together and thus nothing fur- 
ther along this line will be said at this point. 

In screwing up a joint, care must be taken to get the rods fairly well 
in line when starting the threads so that they will not cross. When two 
rods are handled at a time, it requires some little knack to balance the rods, 
but a little experience will soon set you right along this line. 

Drilling Through Clay. 

For clay drilling the lower end of the bit should be dressed down thin, 
and the water channels cut out clean, also the bit should be trimmed up so 
that there are no square shoulders projecting, as these shoulders will cause 
the clay to pack on the bit, thus making the tools run * 'heavy." If a con- 
siderable amount of clay drilling is to be handled, it is best to have one or 
two bits which are used especially for clay work as they can be kept in 
proper shape to give best results. An ordinary rock bit with the lower end 
drawn down properly makes a good clay bit, as the thick blade will cause 
the tools to pump well, while the thin cutting edge will stir up the clay. 

In dressing a rock bit for clay drilling, do not bring the edge out to 
gauge by stoving, as recommended for cable bits on page 76, as this will 
form shoulders back of the bit corners. The better way is to spread the 
blade by flattening out the lower end, as this will form a thin edge and will 
bring the bit out to proper gauge without forming heavy shoulders back of 
the corners. 
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Some drillers use a thin, flat bit for clay drilling and while this type of 
bit is all right for mixing the clay, it does not show the same pumping 
efficiency as the thick bit with a thin cutting edge. 

The most important point to watch in clay drilling, outside of getting 
a properly constructed bit, is to see that the tools are not allowed to feed 
downward faster than the clay will mix, and pump. Time cannot be made 
by crowding a clay hole as the clay must have time to mix with the water 
before the rods will handle it. As different clays mix differently, it is im- 
possible to give any fixed rule in regard to how fast to feed the tools down- 
ward. 

A good general rule to follow, however, is to allow the tools to feed as 
fast as they will without causing them to run * 'heavy." This can be told 
by the feel of the rods, also by the condition of the sludge. If the tools do 
not drop quick and free, or if they seem to **hang" when starting on the 
up stroke, it is a pretty sure indication that the hole is being ^'crowded.'* 
Under such conditions it is best to elevate the rods a few inches and then 
come down slowly again in order to give the sludge a chance to thin up. 
In all clay drilling, the hole should be kept as full of water as possible as 
the larger the amount of water, the more readily will the clay mix and also 
the better will the tools pump. 

Owing to the fact that clay makes a very thick sludge, it is usually 
necessary to replace the water in the sludge barrel quite often. However, 
this depends quite a little upon the character of the clay and thus no fixed 
rule can be given. In sandy clays it is usually possible to run for a half 
day or more on one barrel of water, while in some kinds of * 'greasy" clays, 
the water must be changed every hour or two. 

Where bands of clay alternate with bands of sand or gravel, it is gen- 
erally best to run the sludge as thick as possible, as a thick sludge will pick 
up the sand as soon as it is stirred up and will also assist in packing the 
walls so they will stand without caving. Another advantage of the thick 
sludge is that it will plaster up the openings in the gravel and thus prevent 
the water in the hole from being drained off. 

What has been said above refers to dry sands and gravels or to any 
sands and gravels which are not to be used for water and which will be 
cased off. If you are drilling in a region where each sand and gravel 
stratum must be tested, then it is best to keep the sludge rather thin so 
that there will be no danger of plugging the stream with sludge. 

In certain '^greasy'* clays it is almost impossible to make the clay mix, 
and under such conditions, time can be made by putting two or three, or 
sometimes even more, buckets full of sharp sand in the sludge barrel. The 
sand will "cut" the clay, thus causing it to mix. 

Sometimes it will be found to be an advantage to use more than one 
valve in the rod line. Generally one additional valve placed at the top of 
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the first rod above the bit will be sufficient. However, if the sludge is ex- 
tremely heavy it may be necessary to use more valves, but if so, they 
should not be placed closer together than every two rods. 

The advantage of additional valves in heavy clay drilling is that in case 
the sludge becomes so thick that the bottom valve is forced from its seat, 
the valves higher up will still continue pumping and thus give the lower 
valve a chance to free itself. 

As stated under pipe driving, it is often possible to drill to a consider- 
able depth in clay before it is necessary to set any pipe and wherever this 
is possible, it should be done. 

In certain kinds of clay drilling, it is an advantage to use an under- 
reaming tool in order to enlarge the holes and thus make the pipe drive 
easier. This will be discussed later under under-reaming tools. 

Drilling Through Sand and Gravel. 

In sand and gravel drilling, unless heavy gravels or boulders will be 
encountered, the cutting edge of the bit should be drawn down thin, as 
explained under "Drilling Through Clay." The reason for using the thin 
cutting edge is that it will stir up the sand and gravel more readily. On 
the other hand, a bit dressed blunt, as in rock drilling, tends to pack the 
material. However, when the gravel is very coarse, the bit should be 
dressed rather blunt as it is necessary to break up the larger gravels before 
they can be gotten rid of. Another reason for dressing the edge rather 
blunt is that a thin edge will glance off the boulders and thus the tools are 
liable to be thrown out of line and the hole made crooked. 

As a usual thing time can be made by keeping the drive pipe ahead of 
the hole, or at least by keeping it even with the lower end of the bit. 

If the pipe is driven ahead care must be exerci.sed to see that it is not 
driven onto a boulder, as this is very liable to crimp the end of the pipe or 
else throw the pipe out of line. You will find thfese points discussed in the 
Cable Tool Section, pages 43 to 45 inclusive. To keep the pipe even wdth 
the edge of the bit it is necessary to drill and drive at the same time as ex- 
plained on pages 299 to 301 inclusive. 

If it is desired to prospect each gravel stratum for water, it will be 
necessary to keep the end of the drive pipe open when passing through the 
gravel and thus it is best not to drive very far ahead at a time. In fact, if 
the gravel strata are thin it is best not to drive ahead at all, as a stream of 
water may be shut off without knowing it. 

When drilling through quicksand, it is generally necessary to keep the 
drive pipe a short ways ahead of the hole in order to prevent the sand from 
rushing into the i)ipe. The deeper the hole, and thus the higher the pres- 
sure behind the sand, the further ahead will it be necessary to keep the 
pipe. If it is desired to prospect the quicksand for water, the drive pipe 
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should be filled to the top with water before opening up the end of the 
pipe, as the water will assist in holding back the sand. 

When drilling dry gravel, that is, gravel w-hich does not contain any wa- 
ter, the water in the drive pipe can be kept from draining off by using a thick 
clay sludge in the discharge barrel. This clay sludge can be made either by 
placing chopped up clay directly into the barrel or else by placing clay in 
the bottom of the hole and letting the rods mix it. The safer plan is to 
mix it in the barrel as there is not so much danger of clogging the bit. 
When bands of clay and dry sand alternate, the clay w'ill keep the sludge 
thick enough to handle the sand. 

When drilling in water sand, the sludge should not be allowed to get 
very thick as a thick sludge may plug up the sand enough to prevent the 
water from coming through freely, and thus give a misleading te.st. 

If it is desired to prospect a stratum of sand or gravel which lies di- 
rectly below a bed of clay, the drive pipe should be driven down through 
the clay and the tools should be kept operating at one point long enough to 
remove all of the heavy sludge. If the water bearing stratum furni.shes 
enough water to feed the rods, the return hose should be removed from the 
tee on the pipe and the sludge allowed to run out onto the ground. This 
will soon remove all of the clay from the hole and will clean out the sand 
or gravel, thus giving it a chance to show its water capacity. 

In certain sections of the country there will be found sands w^hich do 
not pump readily and which cause trouble by plugging the rods. The 
WTiter has done quite a little experimenting in sands of this nature and has 
found the trouble to be due, in the large majority of cases, to one of tw^o 
causes, first, the sand is clean and free from clay, thus making it impos- 
sible to form a sludge thick enough to prevent the sand from settling rap- 
idly and second, the sand is very heavy, making it hard to lift. 

The thing to do when either of the above classes of sands is met is to 
mix clay in the discharge barrel, thus making the sludge thick enough to 
hold the sand and to prevent it from settling rapidly. In order to prevent 
the rods from clogging, they should be pumped clean each time it is neces- 
sary to stop them. To do this the rods should be elevated a few inches 
from the bottom of the hole and run for a short time, as this will cause all 
of the heavy sand and sludge to be discharged from the rods. Thus when 
adding on change rods, when preparing to pull the rods or when for any 
other cause it is necessary to stop the tools, they should be elevated a short 
distance, and pumped until the heavy sand has been gotten rid of. Some- 
times it wnll be found to be an advantage to use more than one valve in the 
rod line. You will find this point discussed under "Hollow Rod Valves" 
page 257. 

In certain sections of the the country there wnll be found considerable 
amounts of cemented gravel or, as it is sometimes called, conglomerate. If 
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the cementing material binds the grains into a firm mass, the drilling will 
be about the same as if extremely hard rock is being penetrated and thus 
the bit should be dressed for rock work and the tools run the same as for 
rock drilling. If on the other hand, the grains are not firmly bound, so 
that they roll out into the hole, then the bit should be dressed with an al- 
most flat edge as the flat edge will crush the pebbles as they fall to the bot- 
tom of the hole and will at the same time force itself ahead. 

Drilling Through Bouldry Ground. 

For instructions covering this work see pages 45 and 46, as the meth- 
ods used with cable tools apply to the hollow rod tools, it being taken into 
consideration however, the difference in operation of the two types of tool 
equipments and appliances. 

For handling bouldry ground, the bit should be dressed the same as 
for rock drilling unless the boulders are ** nested" together for a consider- 
able distance, in which case the bit should be dressed more blunt, some- 
thing on the order of a reamer. 

Care must be exercised in forcing hollow rod tools against boulders as 
the tool joints are not large and are thus easily sprung out of line. Es- 
pecially must care be taken with box-and-pin joint tools as driving the bit 
against a slanting boulder may snap off the pin. 

As a rule, time can be made by blasting in bouldry ground and in the 
large majority of cases the most successful driller, in a bouldry region, will 
be found to be one that can handle dynamite to the best advantage. 

Drilling Through Rock. 

In rock drilling the main points are the dressing of the t)it, the adjust- 
ing of the stroke and the regulating of the tension of the drill rope. 

The dressing of hollow rod bits will be discussed under the next head- 
ing and thus will not be gone into further at this point. 

In adjusting the stroke no fixed rule can be given inasmuch as con- 
ditions vary so greatly. A good general rule to follow, however, is to de- 
crease the length of stroke in proportion to the hardness of the rock and 
the "meanness" of the drilling. What is here meant by **mean" drill- 
ing, is drilling through crushed or shattered rock, crooked holes and the 
like. As already explained, the stroke should be shortened as the depth 
increases and thus the factor of depth must also be taken into consideration. 

In regulating the tension of the drill rope, the same general rule just 
given applies. That is, the harder the rock, the stiffer should be the ten- 
sion, and on the other hand the softer the rock, the more the rope can be 
let out. 

As stated on page 245, a spudder should be so constructed as to be 
able to run from 40 to 120 strokes per minute, and it is in rock drilling 
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that the high-speed spiidder shows to advantage. Thus, when the rock be- 
comes so hard, or the hole so deep that it is not safe to use a heavy blow, 
the stroke can be shortened up and the tools run at a higher speed, thus 
maintaining or exceeding the footage made when using the long stroke. 

With cable tools, much of the hole made in rock drilling depends upon 

the crushing eflFect obtained from tlie weight of the tools and thus it is 
necessary to have a long stroke in order to obtain a heavy crushing blow. 
On the other hand, with hollow rod tools, most of the hole made in rock is 
due to the chipping action of the cutting edge of the bit and thus the foot- 
age made, increases almost in direct ratio to the number of blows delivered. 

There is quite a difference of opinion among drillers regarding the 
length of stroke to use in rock work, some advocating a long stroke, some 
a medium stroke and some an extremely short stroke. It has been the 
writer's observation that the short -stroke drillers generally make most hole. 
It has also been the writer's personal experience that it is better in the 
large majority of cases to favor the shorter strokes. While in some cases it 
might be possible to cut a few more feet of hole per unit of time with a 
longer stroke, still in the long run the short-stroke driller is very apt to 
show the most feet drilled, due to the fact that he will have less breaks in 
his rods and less trouble generally, to contend with. 

From the above it will be seen that the writer is a short-stroke advo- 
cate and while he is willing to admit that many good drill men do not fully 
agree with him on this proposition, still he would strongly urge every hol- 
low rod beginner to use a short stroke at the start, for even though it might 
not prove as speedy in your class of rock drilling, still it would be safer. 
After you have had enough ex])erience to make your judgment good, you 
can then safely experiment and make changes to suit your conditions. 

One of the most troublesome things that a beginner has to contend 
with in rock drilling is to keep the joints tight. When using rods with 
coupling joints, the tools should always be turned to the right as this will 
assist in keeping the joints set up. You will find this point more thorough- 
ly discussed under "Turning the Tools" pages 286 and 287. 

When box-and-i)in joints come loose in the hole, the trouble is gener- 
ally due to too much oil or dirt on the joints, or else the joints have not 
been properly set up. Another cause of loose box-and-pin joints, and one 
which is hard to detect, is due to a slightly sprung, or bent, pin. When a 
pin is bent it prevents the shoulders from binding firmly for their full cir- 
cumference and thus the joint is very liable to "back off" as soon as the 
tools begin pounding on rock.' If the pin is very much sprung the fact can 
be easily detected as the rods will be thrown out of line very noticeably, 
but if it is only a slight bend it is very liable to i)ass unobserved. If you 
find that a certain joint persists in coming loose in spite of careful cleaning 
and proper setting up, it will be well to examine it closely to see if the pin 
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is not slightly out of line. A slight "burr" or "bump*' on either of the 
joint shoulders may also cause trouble. 

Another cause of box-and-pin joints loosening up, is using too long a 
stroke. Especially is this so when the rock is very hard. The remedy is 
obvious — shorten the stroke. 

If a driller is paying close attention to business, he will be able to tell 
the instant a box-and-pin joint comes loose, as a line of rods with all joints 
set up tight gives forth a clear, clean, metallic sound or as drillers say, the 
rods *'sing." On the other hand, as soon as a joint loosens, the sound 
becomes "flat." 

If you are drilling with coupling-joint tools, a loose joint can be tight- 
ened up by letting the rods rest upon the bottom of the hole and twisting 
them up. With box-and-pin joints however, it is best to bring the loose 
joint to the surface so that it can be "snapped up" with a set of wrenches, 
and especially is this so if hard rock is being drilled. 

For a description of the drilling characteristics of different classes of 
rock formations refer to pages 50 to 62 inclusive. While the matter cover- 
ed by the above pages has to do particularly with cable tool work, still it 
applies equally well to hollow- rod drilling, it of course being necessary to 
vary the methods sufficiently to meet the requirements of the hollow-rod 
system of drilling. 

In creviced or shattered rock or in "mean" rock drilling, the rod tools 
are usually easier to handle than the cable tools. This is due to the fact 
that the rods furnish a positive connection between the bit and the top of 
the hole and thus the driller can tell by the feel, exactly what is going on 
in the bottom of the hole and can so hold the bit that the best results can 
be obtained. 

Dressing Hollow Rod Bits. 

The subject of bit dressing is discussed on pages 63 to 92 inclusive. 
While these instructions are made up primarily for cable-tool bits, they also 
apply to hollow rod bits with the exceptions explained below. 

The steel used in hollow- rod bits is a much better grade than that used 
in cable bits and thus it should not be heated to as high a temperature 
either for drcvssing or for tempering. A low carbon steel proves very satis- 
factory for cable bits, its a'dvantage being that it can be heated to a com- 
paratively high temperature, thus making it easy to dress. This point is 
discussed on page 74. As hollow rod bits are, as a rule much smaller than 
cable bits, it is possible to use a better grade of steel and still not make 
them troublesome to dress. Inasmuch as hollow rod bits are usually dressed 
with comparatively thin cutting edges, it is necessary to use a high carbon 
steel in order to prevent the edges from breaking down. 

As just stated, hollow-rod bits are generally dressed with a thinner 
cutting edge than that used on cable bits. The following table gives the 
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angles between the bit faces for bits of diflFerent sizes when used for drilling 
in sand and clay, also for drilling in rock. 

Angles Between Bit Faces for Different Sizes of Bits when Used in Different Materials. 



Size of Bit 2 , 2>^ ' 8 3>^ 



aO° to 35° ' 30° to 35° 35° to 40° 35° to 40° 40° to 45° 



Angle for Sand and Clay 

Angle for Rock \(\0 to 70 60 to 70 ,70 to 80 



70 to 80 I 80 to 90 



The figures given in the above table are not intended as inflexible 
standards, but simply as guides to indicate what is best for handling general 
drill work, under the classes of drilling named. Thus, when very hard 
rock is encountered or when it is necessary to drill through shattered or 
creviced formation, the edges should be made more blunt. You will find 
these points more thoroughly discussed on pages 85 and 86. 

In heating hollow rod bits for dressing, they sometimes become so hot 
for their full length that they cannot be handled by hand. 

Under such circumstances, a short piece of pipe screwed onto the end, 
will provide means for handling the bit without trouble. 

In tempering a hollow rod bit, do not temper very deep, and never 
plunge the bit when at a high heat deep down into the water as checks and 
cracks will result. 

Jetting System. 

In the jetting system of drilling the sludge and cuttings are brought to 
the surface by forcing a stream of water down through the drill rods and 
allowing it to discharge through holes in the bit. These holes are arranged 
very similar to the holes in the hydraulic bits already described. In fact, 
the regular hydraulic bit is often used for jetting work. 

The action of the \vater when forced out through the holes is such that 
the sludge and cuttings are w-ashed oif of the bottom of the drill hole and 
are then carried upward in the annular space between the outside of the 
drill rods and the walls of the hole and finally discharged at the top. 

In operating the hollow rod outfit by the jetting process, the tools used 
and the methods employed are largely the same as when the outfits are 
operated by the hydraulic process and thus the descriptive matter given on 
pages 243 to 313 inclusive, should be read. Of course that part of the de- 
scriptive matter relating to valves and to the self pumping action of the 
tools does not apply to the present discussion, but these differences will be 
readily understood by the reader. 

The jetting process for certain classes of drill work possesses advan- 
tages over the hydraulic system. Thus when large amounts of sand have 
to be handled, the jetting tools will prove more efficient. Also where large 
simounts of clay drilling are encountered, the jetting tools are to be pre- 
ferred. Another advantage of the jetting tools is that with them, holes of 
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comparatively large diameter can be sunk when the conditions are favorable 
for the use of the hollow rod tools. Thus, through sand and clay, also 
through soft shales, the jetting tools can be used for drilling holes as large 
as 12 or 15 inches in diameter. As already stated, this is something which 
cannot be done when the tools are operated by the hydraulic system owing 
to the fact that the tools cannot be made to pump when the diameter of the 
hole greatly exceeds the outside diameter of the drill rods. 

Jetting Pump. 

One of the most important items in connection with a jetting outfit is 
the pump. As the water employed in drilling is used over and over again, 
it becomes filled with grit and dirt and thus an ordinary piston type of 
pump would soon be cut out. To avoid this destructive wearing action the 
pump should be of either the displacement type or the diaphram type. 
Under ordinary drilling conditions the displacement type is to be preferred, 
but when extremely gritty water has to be handled, the diaphram pump 
will give less trouble. 

The advantage of the displacement pump over the piston pump is that 
the plunger does not come in contact with the cylinder walls and thus the 
wear comes only on the packing. Another advantage is that the packing is 
all on the outside and is thus readily accessible. 

The advantage of the diaphram pump is due to the fact that no moving 
parts, w-ith the exception of the valves, comes in contact with the water. 

The pump used in jetting work whether of the displacement or dia- 
phram type should be so constructed that a steady pressure can be main- 
tained on the rod line and thus the pumps now furnished are usually made 
up with two or more cylinders. In order to prevent undue strains from 
being thrown upon the pumping mechanism, the pump should be provided 
with a safety valve so that in case the rods become choked the pump can 
free itself. ITsually the valve is set to carry a pressure of about 70 to 80 
p>ounds. 

As the maximum pressure of the pump will have to be carried by the 
hose connecting the pump to the water swivel, it is necessary to use a good 
grade of high pressure hose for this purp>ose. 

Water Swivel. 

The water swivel used in jetting work is the same as the one illustrated 
on page 208 with the exception that the discharge stem is made somewhat 
different. 

For hydraulic work the stem is made perfectly smooth at both ends, 
but for jetting work, owing to the heavy pressure thrown upon the stem by 
the pump, it is necessary to provide the end of the discharge stem which 
goes down into the packing box with a heavy collar, this collar serving to 
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hold the stem after the packing is inserted and the packing nut screwed 
down. 

With the exception noted above, the jetting swivel is the same as the 
hydraulic and thus the descriptive matter given on pages 268 to 272 in- 
clusive, applies. 

Drill Bits. 

For drilling through unconsolidated deposits such as sand, gravel, clay. 
etc., the blade of the drill bit used in jetting work is made much thinner 
and somewhat shorter than the bits used for the same purpose in hydraulic 
work. By making the blade in this manner it gives the 
water which is forced down through the rods, a better 
chance to pick up the sludge, also makes it possible to 
keep the sludge from accumulating on the blade. 

To further increase the effect i\'eness of the water, 
the side holes are so drilled that the water is discharged 
down along both sides of the bit blade, thus not only 
causing the blade to be swept clean, but 
also directing the water to the point 
where it will lift the sludge and cuttings 
in the most efficient manner. The ac- 
companying cut shows the construction 
of a jetting bit designed for drilling un- 
Thin Binds Bit. consolidated deposits. 

For rock work, the bits are made with a much thicker 
blade, something on the order of the rock bit used in hy- 
draulic work with the exception that the 
bits are made shorter. 

The cut gi\'en herewith shows one t_\pe 
of jetting rock bit. 

When drilling through quick sand, or "'"^ ' ' 

other fine sand depo.sits, hole can sometimes be more rapid- 
ly made by revolving the bit instead of churning it up and 
down. For handling such work, a bit shaped like the one 
shown herewith i.s used. 

Besides the bits illustrated, there are also other shapes 

and kinds among them being the fi.sh-tail bit, which is used 

the same as the revolving bit just shown, also the paddy 

drills which are furnished with two winged blades so con- 

k'lfk rtii, strncted and arranged that they will drill a hole somewhat 

larger than the drive pijx: and thus answer the purpose of an enlarging bit. 

The paddy drill is used mo.stly in clay drilling when pipe driving is 

difficult, but it has been the writer's experience and observation that the 
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paddy drill will not prove effective unless the conditions are exactly suited 
to its operation. 

Starting a Hole with Jetting Tools. 

The methods of starting a hole with jetting tools are the same as those 
described on pages 282 and 286 inclusive, with the exception that such 
changes are made as are required for forcing the water down through the 
rods. Thus the valves are omitted from the rod line and instead of using 
a blank valve on top of the bit when punching the hole down the first few 
feet, the water is often turned on from the start. 

Regarding drilling the first few feet, however, the method will vary 
somewhat with conditions. Thus it will sometimes be found more con- 
venient to punch down a few feet before using the water and under such 
circumstances the blank valve should be used. 

In order to take care of the water and sludge which come from the 
hole, a settling pool should be made by digging a hole in the ground close 
to the hole being drilled, and then connecting the drill hole to the pool with 
a shallow ditch. The water and sludge will flow into the pool thus giving 
the heavier cuttings a chance to settle. Some drillers dig two settling pools 
close to each other and then connect them together by means of a shallow 
ditch. When the two pools are used, the sludge and water discharge from 
the hole into the first pool, which is called the settling pool, and the suction 
hose from the pump is placed in the second pool, which is called the 
suction pool. By using the two-hole arrangement, it is possible to get 
much cleaner water for the pump. 

When drilling around dwellings or in a locality where the digging of 
settling pools would prove an annoyance, the' same results can be obtained 
by driving a piece of casing of proper diameter, solidly into the ground, so 
driving the casing that it will extend two or three feet above the surface. 
By placing a tee on top of the casing and providing it with a discharge 
spout, the water and cuttings can be made to discharge into barrels or tanks 
which will serve as settling and suction pools. 

The method just described is for use when the hole is being started and 
before any of the regular drive pipe is driven, as after the drive pipe has 
been started into the ground it can, by placing a tee at the upper end, be 
made to serve the same purpose as the casing. 

The instructions already given under hydraulic work covering pipe 
driving, drilling and driving, turning the tools, the use of a drilling weight, 
the use of change rods, hoisting and lowering the rods, cutting threads, 
making joints, etc., applies to jetting tools as well as to hydraulic tools, it 
only being necessaay to make such minor changes as are required on ac- 
count of the different method employed in handling the sludge and water. 
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Drilling Through Unconsolidated Deposits. 

Under unconsolidated deposits will be included such materials as clay, 
gravel, alluvium, till and all other materials which are too soft to stand 
without the use of drive pipe. 

When drilling clays, a thin, short bit is necessary. By keeping the bit 
thin it makes it clean more easily and by having it short, it brings the dis- 
charge holes down close to the bottom of the hole, thus giving the water a 
chance to do its most effective work. The bit shown on page 315 is a good 
bit for clay drilling. 

Another point to watch in clay drilling is to hold a stiff tension in the 
drill rope, thus preventing the bit from crowding ahead and *'mudding up.'' 
Clay containing considerable sand will cut and mix very rapidly but 
* 'greasy" clays have to be handled more carefully. 

When drilling in sands, a short, thin bit is most effective and a heavy 
water pressure will usually bring the best results. If the sands are heavy 
and hard to lift, it is well to mix some clay in the suction pool, as the clay 
will thicken the water and^hold the sand in suspension.. When drilling 
quick sand or any fine sand which has a tendency to rush up into the pipe, 
it is a good plan to place a valve just above the bit. A valve for this pur- 
pose is made to work just the reverse of the hydraulic valve, that is, it will 
allow the water to be forced down through the rods, but will seat itself 
when an upward pressure is brought to bear, and thus will prevent the sand 
from being forced up into the rods, when the pump pressure is removed. 

In certain sections of the country large amounts of quick sand have to 
be penetrated, and it is often necessary to use two water swivels and two 
discharge hose in order to bring down to the minimum the time required to 
change drill rods so as to prevent the sand from covering up the tools. 
When two swivels are used, one is screwed onto the next rod to be used 
and then when the change is to be made, all that is necessary is to unscrew 
the swivel from the tools, screw on the new rod with its swivel already at- 
tached and proceed with the work. ^ 

To expedite matters, the discharge end of the force pump is usually 
provided with two connections so that both discharge hose can be kept con- 
nected. By placing a valve on each outlet, it is possible to run the water 
through either of the swivels as desired. 

As stated under drill bits, time can sometimes be made by revolving 
the rods instead of reciprocating them. When such is the case, the tension 
on the drill rope is so adjusted that the bit just rests on the bottom and then 
as the rods are turned and the sand worked up, the tools are allowed to de- 
scend. For work such as described, .the fish-tail bit or a bit constructed as 
shown on page 215 proves most effective. 

For drilling through sand containing boulders or for drilling through 
heavy gravel, a thick bit w411 prove more effective than a thin one. This is 
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due to the fact that the large gravels will have to be crushed before being 
washed up. Another disadvantage of the thin bit for such work is that it 
will glance off of the large stones, thus being liable to make the hole go 
crooked. For heavy gravel drilling or for boulder work, a regular rock bit 
with a rather sharp cutting edge will prove most satisfactory. 

For drilling through alluvium, till and other forms of unconsolidated 
deposits, the methods to use are the .same as those already outlined or some 
form or combination of the methods outlined, inasmuch as alluvium, till and 
other unconsolidated deposits are mixtures of sand, gravel, clay, boulders, 
etc. 

When drilling for water lying above bed rock, care must be exercised 
to avoid shutting off and passing desirable water strata. Inasmuch as the 
water which is forced dow-n the drill rods may contain a large amount of 
sediment, and inasmuch as this sediment will be forced into all of the open- 
ings, it is a very easy matter to choke up a water bearing stuatum and thus 
pass through it without being aware of its existence. Especially is this so 
if the sand or gravel bearing the water lies immediately below a thick bed 
of clay as under such circumstances the water being forced down the rods 
will be full of clay and thus in the very best possible condition for sealing 
cracks, and porous formations. In fact, this principle is often employed in 
sealing dry sands and gravels to prevent the loss of the drilling water. 

To test a gravel stratum to see whether or not it is water bearing, the 
hole should be flushed out with clean water, thus washing the ''filler" out 
of the pores and giving the stream a chance to produce. After thoroughly 
flushing the hole, the water level wall, if the stream is a water producer, 
sink to the pressure point of the water in the gravel. If the gravel is dry, 
that is, if there is no water in it, the hole should drain itself. In case it is 
found that water exists, its quantity can be obtained by placing a pump in 
the well or by running a bailer. 

Another method of cleaning a gravel stratum is by placing a valve on 
top of the bit and then working the tools by the hydraulic method. By 
operating the tools in this manner you are not only able to clean out the 
pores in the gravel, but you are also able to get some idea of the amount of 
water the stratum will furnish by noting the amount discharged by the 
rods. 

Drilling Through Rock. 

Handling rock work with jetting tools is practically the same as hand- 
ling it with hydraulic tools and thus the instructions given on pages 310 to 
313 inclusive, apply, with the exception that the necessary changes for 
forcing the water down the drill rods must be made. 

One of the main points to watch in rock drilling with the jetting tools 
is to prevent the sealing of the pore spaces in the rock with the mud and 
sludge carried by the drill water. This danger is not so great in limestone 
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where the water occurs in fairly well defined channels, but in sand rock and 
rock of similar nature, it is a very easy matter to seal the pores and thus 
pass by a good water supply. To avoid this mistake, the water used in 
rock drilling should be as clean as possible, and a careful watch should be 
kept to detect the presence of pore spaces or openings in the rock. An ex- 
perienced drill man can nearly always tell the instant a stream is struck by 
noting the action of the water in the hole. It is a well known fact that an 
underground stream can be made to absorb an amount of clean water equal 
to the amount which it will produce, and thus as soon as the stream is 
struck it will tend to absorb some of the drill water. However, as the drill 
water will carry considerable sludge and cuttings, it is very liable to clog up 
the pore spaces and thus, unless careful watch is kept, the stream may be 
plugged and passed without the driller being aware of its existence. 

In certain sections of the country where flowing water is struck, this 
sealing action of the drill water is taken advantage of to enable the water 
producing stratum to be drilled into for a considerable distance. Thus in 
the artesian belt extending throughout certain portions of the states of 
North Dakota, South Dakota and Montana, the water is encountered in a 
heavy sandstone member lying below a thick bed of impervious shale. As 
the sandstone stratum is saturated with water, and as the amount of water 
which the holes will produce depends largely upon the amount of wall sur- 
face of the producing stratum exposed, the drillers aim to drill into the 
sandstone for a distance of 50 to 100 feet or more. Inasmuch as the water 
in the section referred to flows at the surface with great pressure, it is 
necessary to hold it in check when it is desired to drill for a considerable 
distance into the producing rock and thus the drillers allow the drill 
water to become quite thick just before sand rock is struck. By adopting 
this method they completely seal the pores in the rock and are thus able to 
drill into the rock the required distance. 

After having penetrated the rock to the proper point, the hole is 
flushed out with clean water which removes the sludge from the pores and 
allows the wells to flow. 

As a rule rock drilling will require the circulating of less drill water 
than when unconsolidated deposits are being penetrated, but this depends 
upon local conditions and thus no fixed rule can be given. 

Fishing Tools and Tools for Special Conditions. 

The fishing jobs which arise when hollow rod tools are used are, in 
the large majority of cases, not nearly so serious as those which occur with 
cable tools, neither are they, as a rule, of the same kind. Nevertheless the 
cable tool fishing instructions given on pages 121 to 177 inclusive, should be 
read in order to get a general idea of handling troublesome under-ground 
propositions. 
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The most common troubles which occur in hollow rod work are as 
follows: 

Rods come unscrewed. 

Bit comes unscrewed. 

Valve plate and ball become lost in hole. 

Tools become fast in the hole. 

Other special conditions met with are practically the same as those en- 
countered in cable drilling and you are therefore referred to pages 175 to 
1^^2 inclusive where you will find instructions covering subjects as follows: 

Taking kinks and crooks out of pipe. 

Recovering pump pipe lost in hole. 

Straightening a hole. 

Reaming a hole. 

Pulling drive pipe. 

Re-casing a hole. 

Pulling casing. 

It will of course be understood that in handling the special conditions, 
just mentioned, the methods advocated on pages 175 to 1^^2 will have to be 
varied somewhat to adapt Ihem to the rod tools, but this can be readily fig- 
ured out by the reader. The writer will, however, later on give a few ad- 
ditional methods for handling some of the special conditions, which methods 
apply only to the rod tools and are thus not covered in the cable tool section. 

Rods Come Unscrewed. 

In fishing for a set of rods lost in a hole, the tool used is ordinarilj' a 
taper tap, which is illustrated on page 176, and the method of handling 
which is described on pages 176 and 177. 

In case the top of the rod has been battered, it may be necessary to use 
a milling tool such as is described on pages 13S and l.V^ Should the mill- 
ing tool be used, it is more than likely that the walls of the rod will be 
made so thin that the taper tap will spread the rod and under such con- 
ditions a taper socket, or as it is sometimes called, a l>ell fishing tool should 
be used. You will find this point discussed on pages 176 and 177. 

When drill rods are lost in a hole which has a diameter considerable 
larger than the outside diameter of the rods, it will u.sually prove quite a 
job to locate the end of the rod with a taper tap and thus a taper socket 
whose lower end just about fills the hole should be used. If the rods are 
not fast in the hole a home-made tool constructed something on the order 
of a horn socket, shown on page 136, can be used. 

Bit Comes Unscrewed. 

The recovering of a bit lost in the hole will, as a rule, prove more 
troublesome than the recovering of lost rods. This is due to the fact that 
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it is not so easy to determine when the bit conies off and thus it is liable 
to be battered somewhat. Another reason is that the bit is so short that it 
is liable to be forced over into the side of the hole and thus be in such a 
position that it is hard to get hold of. If the trouble occurs while drilling 
in rock, the liability of driving the bit into the wall is not so great, but 
when the walls of the hole are of .soft material it does not take much ham- 
mering to force the bit out of vertical. 

The fishing tools to use for recovering a bit are the same as those de- 
scribed under ''Rods Come I^nscrew^ed" and the manner of operating them 
is practically the .same. 

If you find after a trial or two that you cannot get hold of the bit you 
wall probablj' .save time by running an impression block in order to deter- 
mine the position and condition of the top of the bit. 

The manner of making an impres.sion block and the methods of using 
it are described on pages 133 and 134. 

If you find that the bit is lying off to one side it may be possible to 
straighten it up by some one of the methods described on pages 146 and 
147. If the hole is in rock it is very probable that the bit can be straight- 
ened up so that it can be caught, but if the hole is in dirt or any other soft 
formation, the chances are not so good. Should the bit become wedged in 
a soft formation so that it cannot be gotten hold of, then the quickest 
method of clearing the hole is to .shoot the bit back into the wall as de- 
scribed on pages 172 and 173. Should the bit become lost in a rock hole 
and the sediment settle .solidly around it, it probably will be necessary to 
run a spud as described on pages 128 and 129. 

Valve Plate and Ball Become Lost In Hole. 

If the plate and ball become lo.st while drilling in dirt, it will not pay 
to attempt to recover them as they are liable to be embeded iu the thick 
.sludge, thus making them difficult to locate. Inasmuch as they are of 
small value and besides will not prove of any inconvenience in continuing 
the hole, the cheapest and quickest plan is to go ahead with the work as 
they will be forced out into the walls and out of the way. 

If the hole is in rock and only the plate falls into the hole the quickest 
method of getting rid of it is to drill it up, as the action of the bit wall .soon 
grind it into fragments. If, however, the ball is in the hole, it vi^ill pay to 
spend some time in recovering it, inasmuch as it is almo.st impossible to 
break it and get rid of it in this manner. 

If you have, or can readily .secure, a vacuum .sand pump, of projrer 
size, it will be an easy matter to clean the hole, as the suction produced by 
this type of pump is sufficient to sweep the ball into the pump. The vacuum 
pump referred to is illu.strated on page 17. 

If you cannot get hold of a vacuum pump, the ball can be recovered 
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by use of an impression block filled with sticky clay or soap. The block is 
made the same as described on page 133. 

To use the impression block, fasten it on the end of the rods and then 
lower it into the hole until it rests upon the bottom. The weight of the 
rods will be sufficient to press the ball firmly into the cla3% or soap, where it 
will remain. 

If there is considerable sludge or cuttings on the boUom of the hole, it 
will be necessary to pump these out in order to bring the ball into a position 
where it can be reached bj^ the block. 

Tools Become Fast in the Hole. 

Broadly speaking, there are two ways in which the tools can become 
fastened in the hole ; first, some hard substance falls into the hole, thus 
wedging the tools, and second, fine sand and gravel rushes up around the 
rods, thus binding them firmly in the hole. 

There are also instances where the fastening of the tools is due to a 
combination of the two causes named above, but as these are simply special 
cases of the two broad classifications named and as the methods to be used 
in recovering the tools will be one or the other of these given or else a com- 
bination of the two, they will not be treated separately. 

When the tools become fast by something solid wedging them in the 
hole, they can sometimes be loosened by twisting the rods. In twisting the 
rods they should always be twisted to the right so as not to loosen the joints. 
First try twisting the rods when the drill rope is slack and then try the 
same when the rope has been drawn up taut. 

In putting the tension in the rope, it should be done by hand by use of 
the worm gear, as you will then know exactly the power applied. 

It is sometimes an advantage to let sufficient slack into the rope to allow 
the spudder to pass lower center and then while holding a twisting strain in 
the rods start the spudder into motion. The driving of the spudder against 
the rope will cause a blow to be transmitted to the rods which, for loosening 
tools, is more effective than a straight pull. 

When the fastening of the rods is caused by a small pebble or small 
piece of rock down along the side, the obstruction can sometimes be crushed 
by driving upward on the rods with a sledge hammer. To handle this 
work, the drill rope should first be drawn up good and tight as this will as- 
sist the blows and give them greater crushing effect. If you are using a 
drilling weight or a driving clamp on the rods you can drive up against 
either of them. If, however, neither clamps nor weight are on the lods, 
then a pair of tongs or a grab hook can be used. To use either of these 
latter, they are slipped onto the rod and held against the lower part of one 
of the couplings and then driven upward. If the rods are fitted with box- 
and-pin joints, a foot wrench can be used in place of the tongs or grab hook. 



324 THE CYCLONE DRILL CO. 

If after giving all of the above methods a fair trial, you are still unable 
to get the tools loose, it will indicate that they are verj' firmly fastened and 
the next step will be to arrange for heavy up-driving. For this purpose, 
the regular hoiiow-rod pipe-jar device shown on page IH.t is used. To ar- 
range this de\ice so that it can be used in connection with the drill rods, it 
is necessary to secure a piece of pipe of such size that it will fit the pulling 
plug on the puller which you have and then secure a reducing coupling 
which will screw onto the rods and also onto the pipe or else into the coup- 
lings on the pipe. The length of the piece of pipe should be 3 or 4 feet. 

Some drillers carry one of these pieces of pipe and a reducing coupling 
with them in their regular tool equipment and if you are in a country where 
caving trouble is experienced, it is a good plan to provide yourself with 
them at the start, inasmuch as their cost is not great, neither are they bulky 
to carry about and when thej^ are needed they will more than pay for them- 
selves on the first trouble. 

To connect onto the rods, the water-swivel is first unscrewed from the 
rods, next the reducing coupling is screwed onto the top of the rods and 
theti the short piece of pipe is screwed onto the reducing coupling. After 
screwing the pipe onto the reducing coupling, the rope hook on the drill 
rope is passed through the eye of the driver stem and the driver hoisted .so 
that the pulling plug can be screwed into the top of the pipe. 

In.structions covering the method of operating 
the pipe driver when driving up will be found on 
pages 1H4 and l«.i. In driving up on a line of drill 
rods care must be exercised to prevent too heavy a 
blow, as hard driving may result in pulling the rods 
apart. The aim in u.sing the driver is to so adjust 
the stroke that the obstacle down along the rods 
will l>e crushed or if the ob.stable is of metal and 
too hard to crush, then to drive with sufficient 
power to force the rods past the obstruction or else 
bring it up with the rods. 

When the rods are verj- securely fastened, it 

smau Rinn-Hnci-WTciKi-' Will souietimes assist matters to hold a steady up- 

R.Mi Puller. ward strain on the rods, while the driver is being 

operated. This can be done by means of a pry pole as described on page 

IH.i, or else by means of jacks and a small ring- and- wedge device at> shown 

in cut. 

Tools Become Fastened by Sand. 

When sand rushes up around the tools, it is very liable to make them 
hard to recover. Especially is this so when the sand is very fine or in the 
nature of a quick sand, ina.smnch as a fine sand, when it settles, packs very 
firmly. 
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If a drill man is pa\dng close attention to business there is not much 
excuse for him allowing the tools to become buried by sand as the action of 
the tools will at once indicate the danger. Thus as soon as the sand enters 
the hole the tools will be lifted off of the bottom and the drill rope will be- 
come slack. 

The first thing to do, and it must be done instantly, is to throw the 
hoist into gear and elevate the tools. Unless the sand has a strong pressure 
behind it, it will not be necessary lo elevate the tools more than 15 or 20 
feet as the sand will choke the hole and thus prevent more from coming in. 
When drilling in a region where it is known beforehand that troublesome 
quicksand will be penetrated, it is a good plan to keep the hole full of water 
as this will counterbalance the pressure behind the sand and tend to pre- 
vent it from entering with a rush. 

If the tools become fast in spite of all you can do, then a quick effort 
should be made to recover them, as the longer they remain in the hole the 
more firmly they will be fastened, due to the fact that the sand packs more 
firmly the longer it stands. The most effective tool to use is the driving 
device described on page 324. In using the driver, unless the rods start up- 
ward with the first few blows, the slack in the rope should be so adjusted 
that the driver strikes on both the up and down strokes as the up-and-down 
driving will tend to stir up the sand, thus giving the rods a chance to 
move. Unless the sand is very firm, it should not require much driving to 
start the tools, and after they have once started the slack should be so ad- 
justed that the driver strikes only on the up-stroke. 

In case the sand is very firm, or if for any other reason the tools cannot 
be driven up, then the quickest method for recovering the tools, in the large 
majority of cases, is to pull the drive pipe. 

As the sand will have the tools firmly fastened in the pipe, they will 
come up with it. After the pipe has been pulled upward 15 or 20 feet you 
should again attach the driver to the rods and make an attempt to loosen 
them. If the tools will not come then pull the pipe another 15 or 20 feet 
and again try to move them. Repeat the above operations until the rods 
loosen or else all of the pipe is pulled out. 

Another method of handling the above work is to unscrew the rods 
down to the sand and then get rid of the sand by jetting it out of the hole. 
For operating this method, it is necessary to have a set of rods with left- 
hand threads. In using the left-hand rods a left-hand taper tap is screwed 
onto the lower end of the rods and then by seating the taper tap in the top 
of the rods down in the hole, the different sections can be unscrewed and 
brought to the surface. 

After the rods have been unscrewed down to the sand, the sand is jetted 
out down along the sides of the next lower rod and then this rod is un- 
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screwed and brought to the surface, this method being followed until all of 
the rods are loose. 

The jetting method is a very satisfactory and rapid method of loosening 
the rods when conditions are favorable for its use and is to be recommended 
over all others if the space between the outside of the drill rods and the in- 
side of the hole will admit of the using of a small jetting pipe. However, in 
small holes where the drill rods take up nearly all of the space, the previous 
method of pulling the pipe is the most satisfactory-, according to the expe- 
rience of the writer, and while it seems, at first thought, to be a hardship 
to have to "pull the hole" after having drilled it, still time will usually be 
made by so doing. 

If you should be so unfortunate as to get into a hole w^here it is abso- 
lutely impossible to save all of the drill rods, then the left-hand rods and 
fishing tap come in handy in recovering as many of the rods as possible. 

Under-Reaming With Hollow Rod Tools. 

For enlarging a hole below the end of the drive- pipe so that the pipe 
can follow down without hard driving, an enlarging bit made up as show^n 
on page 180 is often used. Another type of bit used for this purpose is the 
paddy drill described on page 316. 

When using the enlarging bit, it is necessary to keep the hole about 4 
to 5 feet ahead of the pipe in order to give the bit a chance to work. When 
using the paddy bit it is necessary to keep the hole only 7 or 8 inches ahead 
of the pipe. 

Another method often used by drill men for cutting out under the pipe 
is to bend the lower end of the bottom drill rod a slight amount. By making 
a slight bend in the rod it throws the cutting end of the bit outward 
from the center, thus causing it to revolve in a circle larger than that 
which would be described by a straight rod. The action obtained by bend- 
ing the rod is practically the same as that of an enlarging bit. 

Enlarging and under-reaming bits, when used with hollow rod tools, 
find their most extensive use in those regions where large amounts of clay 
have to be drilled through. By cutting the hole ahead of the pipe some- 
what larger than the outside diameter of the couplings on the pipe, it makes 
the driving much easier. Another condition which can be handled to 
advantage by an enlarging bit or an under-reaming tool is where hard bands 
are encountered and have to be driven through. 

Shooting Drive Pipe to Recover It. 

In pulling drive pipe it will sometimes be found that it is impossible to 
start the pipe, lender such circumstances the lower joint of pipe should 
be shot off and then another attempt made to pull it. If the pipe still re- 
fuses to come, then the next joint should be shot off and another attempt 
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made, and so on until the pipe starts. In shooting off a joint of pipe the 
dynamite should be so placed that the top of the dynamite comes within 
about 8 inches of the coupling between the first and second joints of pipe. 
By thus placing the dynamite, the top of the lower section of pipe will be 
blown loose from the coupling without spreading the piece of pipe above. 
The amount of dynamite to use depends upon the size of the drive pipe. 
As a rule, 2-inch pipe can be shot off by using one stick of dynamite, while 
on larger pipe the amount varies according to the size of pipe to be shot. 

If it will be necessary for you to make a well in a hole where you have 
had to shoot off a piece of pipe, then the pipe should be so shot that it will 
be spread apart for its full length so that when the new line of pipe is driven 
it will pass down through the piece which has been shot. In many cases, 
where it has been necessary to shoot off a piece of pipe, it will pay to start 
a new hole, but where the hole is of considerable depth and the top part of 
the hole is through clay or material which will stand without serious caving, 
time can be made by going back into the same hole. 

In shooting a piece of pipe to spread it, the dynamite should be dis- 
tributed along the full length of the pipe and the firing cap should be placed 
in the top stick. It is not necessarj- to completely fill the pipe with the 
dynamite, simply place a quantity of it every two or three feet. Thus, in 
shooting a two- inch pipe, a stick should be placed as near the bottom as 
possible and then a stick every tw^o feet until the dynamite comes within 
six or eight inches of the top of the joint to be shot. For pipe of larger 
size it will be necessary to use an amount of explosive in proportion to the 
diameter of the pipe. 

In order to properly space dynamite it can be connected together with 
pieces of small wire. 

Re-Casing Small Holes. 

One of the objections argued against the use of hollow- rod tools and 
small drilled wells is that the holes are so small at the start that there is no 
chance for re-casing should it become necessary. 

Such an objection is without foundation, as it is possible to re-case as 
often in the smaller holes as it is in the larger where cable tools are used. 
When we speak of larger holes we mean holes 5*^ to 6 inches in diameter, 
as holes 5J4 to inches in size are the largest generally drilled in ordinary 
water well work. Thus if the hole is 6 inches at the start, it can be re-cased 
with 4^2 -inch pipe and that is the end, as the next size of pipe which can 
be used is 3 inches and this is too small to drill into with cable tools which 
are of proper size for drilling 6-inch holes. In fact, a .string of cable tools 
w^hich is of proper size for handling 6-inch work to best advantage is most 
too large to drill 4 54 -inch holes. 

Now, with hollow-rod tools the hole can be started 3 inches in diameter 
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and then re-cased with 2-inch pipe, and even as a last resort, can be re-cased 
with one-inch pipe. 

By using pipe with flush joint couplings the number of times the hole 
can be re-cased becomes considerable greater. Thus starting with a 3-inch 
hole the following lines of pipe can be set : 

3 inch pipe will take 2\^ inch pipe, flush joint. 

2% inch pipe will take 2 inch pipe, flush joint. 

2 inch pipe will take 1 ]4 inch pipe, flush joint. 

1 \^ inch pipe will take 1 inch pipe, flush joint. 

The main argument against the flush joint pipe is its comparatively 
high cost. Another disadvantage is that it will not stand heavy driving. 
This latter objection, of course, does not have any w^eight when the pipe is 
used simply for re-casing. 

Many drill men do not re-ca.se a hole for its full depth when the re- 
ca.sing is done to shut off a caving formation. Instead they simply drop a 
piece of pipe into the hole and then swage out the top so that it makes a 
tight fit. This method proves very effective for holding out sand and any 
other caving formation and if the nature or extent of the "cave" is such 
that in can be shut out by a 20 feet length of pipe, then it is possible to 
case off the '*cave" without greatly reducing the size of the hole, inasmuch 
as it will not be necessary to use couplings on the piece of pipe and thus a 
piece of pipe of the largest possible diameter can be used. 

In setting the piece of pipe it is usually dropped in, but it can be low- 
ered by using the rods and the taper tap. 

In swaging out the top of the pipe after it has been set, an ordinary 
rock bit can be used by stoving back the corners and rounding them up 
somewhat. 

If the .sand comes into the hole in such large amounts that the piece of 
pipe will not go to the bottom, then it can be seated by jetting it down. If 
the pressure of the sand is not great it may be possible to seat the pipe by 
allowing it to rest on the sand and then drill on the inside of it. By drill- 
ing on the inside, the pipe can be made to sink as fast as the sand is cleaned 
out. 
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PART IX. 
Finishing Wells. 

To properly finish a well a drill man should have some knowledge of 
the formations in which water occurs. If a driller confines his operations to 
one locality he soon learns the conditions he has to meet and thus he is able 
to handle his work, due to the knowledge gained by experience. On the 
other hand, a drill man operating in different localities ought to have a 
pretty good general idea of underground-water geology ; at least enough to 
enable him to roughly classify the formations which he is penetrating and 
to know what to expect in each formation. 

Broadly speaking, underground-water occurs in two classes of forma- 
tions, namely, unconsolidated and consolidated. 

Under the unconsolidated deposits we include clay, sand, gravel, till 
and alluvium. 

Under consolidated deposits we include all classes of rock formations 
from shale to granite. As many of the rock formations have similar char- 
acteristics, as far as water bearing ability is concerned, we will discuss those 
formations which are typical. Thus it will be found that the water bearing 
features of any rock formation wall be similar to one of the following rock 
classes : Shale, slate, sandstone, limestone and granite. You will note, by 
referring back to page 54 that this is the same classification which was given 
to cover drilling characteristics. 

In unconsolidated deposits water occurs in the pores between the par- 
ticles which makes up the deposits. If the deposit is made up of very finely 
divided particles closely packed together as in clay, the usefulness of the de- 
posit, as a water bearer, will not be great, for while clay may absorb a large 
quantity of water yet the pores are so fine that the water will be given up 
too slowly to be of use. 

On the other hand, sand and gravel deposits are made up of particles 
which have comparatively large spaces between them and thus, if water bear- 
ing, will yield water in large amounts. The readiness with which water 
can be obtained from such deposits depends upon the size of the particles. 
In coarse gravel the water production will be the maximum, but this pro- 
duction will decrease as the gravel becomes finer until in quicksand the rate 
of flow becomes very small. The reason for the slow travel of water through 
quicksand is that the sand grains are so fine that they pack closely together, 
thus decreasing the pore space. While quicksand itself will readily flow, 
still this is a diff"erent proposition from getting the water out of the sand and 
it is this latter proposition with which the well driller has to contend. 

Sand or gravel which contains considerable clay will also give up water 
much slower than if it is clean, for the reason that the clay will pack into 
the pores, thus diminishing the rate at which the warter can travel. 
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In till, which is a mixture of clay, sand, gravel and boulders deposited 
by glaciers, good wells are sometimes made by stopping in a band of claye}^ 
gravel and then pumping the well until the clay has been sufficiently drawn 
out of the gravel to allow it to produce. At first the amount of water 
which can be obtained from such a well is small, but it gradually increases 
with steady pumping. 

Alluvium is a name given to those formations composed of sand, gravel, 
clay, boulders, etc., which have been deposited by streams. 

Alluvial deposits are usually encoimtered in the valleys of pre.sent 
streams or in those regions which at one time were stream swept. As the 
alluvial material was deposited out of and re-arranged by water in motion, 
it is to be expected that the heavier, coarser material such as the heavier 
gravels will be encountered in those locations where the currents were 
strongest and likewise the finer particles further out. Also the heavier 
sand and gravel will, as a rule, be found at the lower part of an alluvial de- 
posit inasmuch as the running water flowing over the deposits as they were 
laid down, would tend to wash out the light material. Thus when drilling 
for water in stream-deposited material, it will often be necessary to drill 
down to the lower part of the formation in order to get into gravel which is 
coarse enough to make a good well. 

If the alluvium has been deposited on clay, then the chances are that 
right above the clay the coarsest gravel will be found ; if deposited on rock, 
the coarsest gravel will be on top of the rock. 

Oftentimes in alluvium a hard streak of gravel, or gravel and clay, 
called hardpan, is encountered just at the base of the deposit. When lo- 
cated at this point, water will usually be found just above or just below^ it. 

This hardpan is sometimes found further up in an alluvial deposit, but 
this is rare. In till, it is not unusual to strike several bands of hardpan in 
drilling a depth of a couple hundred feet. 

In rock formations water is derived from pore spaces, channels, joints, 
faults, bedding planes, cavities, foliation planes and cleavage planes. 

The water derived from pores is not appreciable except in sandstones 
and other rock of a sandy or porous nature. 

Shale, as a rule, is a poor water producer, this being due to the com- 
pactness of the formation, which eliminates pore space, also to the absence 
of any openings of sufficient .size which would serve to store water. 

Some shales of a sandy nature will yield considerable water, but such 
shales are impure and might be termed a .shaley sandstone instead of a 
sandy shale. 

When shales have been hardened and shattered bv earth movements 
they often develop openings which will produce considerable water. 

Slate is a comparatively poor water producer. Where wells are made 
in .slate it is rarely that a definite channel or opening is struck, mo.st of the 
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water coming into the wells from seeps along the cleavage planes. Where 
slates have been subjected to earth movements, openings are often formed 
and these openings may then produce considerable water. 

Sandstones are the greatest water producers. Another thing, water 
derived from sandstone is usually of a belter quality than that derived from 
any other kind of consolidated deposit. This is due to both the filtering 
power of the sandstone and to the absence of easily soluable matter in the 
stone. 

Almost all water derived from sandstone comes from pore space, and 
thus all other things being equal, the more porous the rock, or in other 
words, the larger the grains, the greater its capacity to yield. 

Some sandstone formations have had the pores completely filled with 
silica and where this has occurred the formation is called quartzite. 

Quartzite is an extremely hard formation, and owing to having all its 
pores filled with mineral matter, is almost non water bearing. However, 
where a quartzite formation has become cracked and shattered, the open- 
ings may afford considerable water. 

In limestone, the water occurs along the bedding planes between the 
layers, in cracks and joints, in faults, in channels and cavities. In fact, in 
limestone it is not unusual to strike openings of large extent which are com- 
pletely filled with water. 

Owing to the readiness with which water may be able to circulate in 
limestone, it is necessarj' to exercise considerable care in making limestone 
wells. While a well may produce abundantly, nevertheless the source of 
the water may be such as to furnish impurities. The accompanying cut 
shows a sink hole draining directly into a limestone channel and illustrates 
the above point. 







Diaf^ram showing manner in which surface water can drain directly into a limestone channel 



In granite the water occurs altogether in joints, and other openings 
formed when the molten granite cooled or later when the latter was sub- 
jected to earth movements. As these openings have but very little filtering 
effect on the water, it is a good plan to so locate granite wells that they will 
not be liable to receive impure drainage. The cut shown on the following 
page gives some idea of the manner in which a granite well cross-cuts vari- 
ous joint planes. 
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Diagram shoeing how a well in granite may cut several 

joint planes. 



Summing up the forego- 
ing in regard to rock wells, 
the following conclusions can 
be drawn : 

Shale, unless sandy, or 
hard and broken, is not a 
water producer. It may, 
however, serve as an import- 
ant agent in water produc- 
tion by preventing a vein of 
water from going lower ; 
may also lie above a water 
bearing formation and thus 
assist in developing an arte- 
sian pressure. 

Slate is not a large pro- 
ducer. As the water is de- 
rived from seeps in the cleav- 
age planes, the deeper the 
well, the greater the quantity of water which can be expected, due to the 
greater number of cleavage planes exposed. In the slate formations which 
have been shattered or cracked, it is generally possible to get better wells 
than can be gotten in an unaltered state. 

Sandstone is a great water producer. If a sandstone formation lies far 
enough below the surface to be completely saturated 'with water and the 
formation is porous throughout its extent, then the amount of water which 
a well of given diameter can produce depends upon the depth of the well 
into the rock. 

Limestone, as a rule, is a good producer. Inasmuch as the water oc- 
curs in veins, channels, cavities, etc., and is not thoroughly distributed as 
in sandstone, wells in the same limestone formation, even when within a 
few feet of each other may vary greatly in capacity, also in depth. As a 
limestone formation is liable to have water bearing openings throughout its 
extent, it is to be expected that the deeper the well the greater its produc- 
tion, due to the greater number of openings tapped. 

Granite cannot be called a heavy water producer. While the percent- 
age of dry wells in granite is not very great, neither is the percentage of 
heavy producers very great. The granite wells which show the largest ca- 
pacity are generally those which penetrate a granite formation lying below 
a thick bed of gravel or till. The reason for this is that the water from the 
overlying formation will drain down through the joints and cracks and thus 
keep the supply in the rock constant. The cut on the next page shows a 
condition which should produce good granite wells. 
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As the water in granite is 
derived from joints and cracks 
and as these joints and cracks 
are, as a rule, most numerous 
in the upper part of the for- 
mation, it is not considered 
good practice to drill deeper 
than MH) feet into the granite. 
Thus, if water is not struck 
by the time a depth of 300 

Diagrara showing mclhoct 1>y which walfr may enter ^^^^ ^^'^ been reached, it Will 

cracks niid joinis in graniic. Usually pay to Start a new 

well a few feet from the old 
one in an effort to strike new joints which are water bearing. The accom- 
panying cut shows how certain wells might mi.ss a water- producing joint 
while a well a short distance off might be a producer. Thus the wells S, U 
and D would be dry, while the wells A, C and U would yield water. An- 
other point brought out is that a well such as D might be drilled several 
hundred feet without striking water, while a well a few feet from D, as E. 
would strike water at a comparatively shallow depth. 




The limits of this book will not admit of giving more than the forego- 
ing brief outline of undei^round- water geology, but as the .study of this 
.subject is not only interesting, but also of great value to a drill man, the 
writer would urge that you study the subject carefulK-. 

Some of the best books written on the subject are published by the 
United States Geological Survey, the books being classified as Water Sup- 
ply Papers. Copies of many of the books can be obtained free of charge by 
addressing, The Director, V. S. Geological Survey, Washington, U. C. 

The best method to pursue in getting the books is to first write for the 
full li.st published and then send for those books which relate to under- 
grouud-water conditions. 

Finishing Wells in Sand and Gravel. 

The finishing of a well in rock, as a rule, does not involve any extra 
labor over the drilling of the well. Thus the driving of the pipe to the 
rock shuts out all loose, ravelly material, and the stream as soon as struck 
and .sufficiently bailed is ready for use. 
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On the other hand, when wells are made in sand or gravel, it is often 
necessary to place a screen in the bottom of the well in order to prevent the 
fine sand from rising in the pipe, a thing which, if it occurs, will result in 
cutting out the pump leathers and in time is liable to "plug" the well. 

When wells are made in coarse sand or gravel, it is not necessary to set 
a screen, as the particles making up the bed are of sufficient weight to pre- 
vent them from lifting. Usually when a well is to be made in such mate- 
rial, the bottom of the drive pipe is drilled full of holes which give the well 
a better chance to draw. The number of holes drilled depends upon the 
amount of water to be used, also upon the thickness of the gravel stratum. 
Thus, if the stratum is only two feet thick, it would be usele.ss to drill the 
holes for a distance of more than two feet along the length of the pipe. If 
the stratum is of great thickness, the number of holes can be greatly in- 
creased. However, there is not much to be gained by drilling too many 
holes, as all that is wanted is to get sufficient holes to supply the water as 
fast as the pipe will handle it. Thus, if the drive pipe is three inches inside 
diameter and the holes drilled are one-quarter inch, it will require about 
1450 holes to equal the capacity of the pipe. If the holes are spaced one- 
quarter of an inch apart, both around the pipe and along its length, they 
will take up about 22 inches. 

If the gravel contains considerable sand it is best to increase the num- 
ber of holes, as this will distribute the draft throughout a greater area of the 
gravel and thus prevent the suction from becoming great enough to move 
the sand. 

Wells are sometimes made in sand and gravel without the use of a 
screen or without perforating the pipe, simply by packing gravel around the 
bottom of the pipe. To do this, the pipe is driven down into the sand or 
gravel to the point where the particles seem to be the coarsest and then the 
pipe is cleaned out. Next, coarse gravels about the size of hickory nuts are 
poured into the well, until the bottom of the pipe is filled for a distance of 
about 2 to 3 inches. Next, lower the drilling tools and by churning them 
up and down force the gravels out of the pipe. Repeat the above op- 
eration three or four times and there will be formed around the end of the 
pipe a pocket of coarse gravel which will prevent the lighter sand from rising. 

Some drillers after forming a pocket, fill up the pipe for a distance of a 
foot or two with the coarse gravels. This is a pretty good idea if there is a 
heavy pressure in the sand. 

When wells are made in sand which is so light that it will Uft or so fine 
that the rate of travel of the water through it is slow, then the safest plan 
is to use a screen. 

The theory of a screen is the providing of a number of openings which 
are fine enough to prevent the sand particles from passing and are numerous 
enough to admit of the required amount of water being drawn through 
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without causing the rate of travel 
of the water in the sand to become 
so great that the sand will pack 
against the openings. Thus, the 
size of screen to use depends upon 
the amount of water to be supplied 
and the sixe of the openings de- 
pends upon the fineness of the sand. 
As an example, suppose that a 
well three Inches in diameter is to 
yield lo gallons per minute from a 
sand of such fineness that the open- 
ings in the screen cannot be larger 
than six one -thousandths of an 
inch. Suppose further that a screen 
three feet in length will supply the 
1 5 gallons. Then to get 30 gallons 
per minute the length of the .screen 
should be at least six feet. If the 
sand stratum from which the water 
is to be obtained is only two or 
three feet thick, thus making it 
inipos.sible to use a long screen, 
then it will be nece.ssary to drill a 
well of larger diameter than other- 
wise would have to be drilled, if 
the stratuii was of considerable 
thickness. 

While there are many differ- 
ent kinds of screens or strainers 
on the market, they can l)e broadly 
classified under the five following 
heads : 

Iht. Screens made by covering 
perforated pipe with either 
wire gauge, or perforated 
sheet brass, or both. 
2nd. Screens made by perforating 
pipe and then filling in the 
perforations with wire gauge. 
ird. Screens made by perforating 
pipe and then wrapping the 
pipe with a wedge-shaped 
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brass wire which is so constructed that it forms a thin slot opening 
on the ontsidt and a larger opcninK inside. 
4tli. Screens made of solid brass shells, the openings being made by cnt- 

tiiig a series of slots in the shells. 
5th. Screens made by winding up a s|)ecially constrncted hard drawn brass 
wire which is so shaped that as it is wound it locks together, forming 
a cylinder having a continuous slotted opening on the outside and 
perforated openings on the inside. 

The first two classes are most extensively used as 
drive points for drive wells. They are also often used 
in wells where the drive pi|)e cannot be driven into 
the grax'e! stratum and it is necessary to drive a screen 
point ahead of the pii>e. 

The third type is largely used in oil-well work in 
the coastal regions where it is necessary to have a 
screen of great strength, also one 
which will not be cut out by sand 
under high pressure. 

The fourth and fifth cla.sses are 

the ones nicst extensively used in 

water well work, where the screens 

are set by placing them in the bottom 

of the well and then drawing back the 

drive pipe. 

The large cut on the preceding page shows one of the 

best type of slotted screens, this being made by A. D. Cook 

of Lawrenceburg, Indiana. You will note that the slots are 

finest on the outside and taper larger on the inside. By 

cutting the slots in this maimer, the screen has a chance to 

clean itself and will thus preveut the packing of fine sand 

in the .slots. 

The next cut shows the construction of a built-up 
screen of the fifth class. This tyiie is known as the John- 
son strainer and is made by K. U. Johnson, St, Paul, Min- 
nesota. In order to strengthen this screen so th:it it will 
stand up to hard pulling, the sis^es from three inches up are 
furnished with tension rods, as shown herewith. Ttn«oii koch usrd 

The slots in l>oth the Cook and Johnson screens are 
listed according to their sizes in thousandths of an inch. The diagram on 
on the following page shows slots ranging from six-thousandths to sixty- 
thousandths of an inch. 

To set a screen, the drive pipe is first driven into the gravel stratum 
to the ]>oiLit where it is desired to have the l>ottom of the screen rest. 




ORRVILLE, OHIO, U. S. A. 337 

III) Tliat is. if tlie water is to be obtained between 

tbe <ie))ths of 180 and 182 feet, then the drive 
pipe is to be driven down to a depth of 182 feet. 
The screen is lowered into the well by using 
one-inch pipe, or if the jmnip to be put in the 
well lias wooden sucker rods then use the wood 
rods. The screen is attached to the rods by the 
use of a strainer hook which hooks under the 
bail at the bottom of the screen. 

After the screen has been seated on the bot- 
tom, pull back the pipe for 
the distance it is desired to 

uncover the screen. Thus, if 

a three-foot screen is to be 
set, the pipe will be pulled 
back three feet and this will 
then leave a foot to eighteen 
inches of screen remain up in 
the drive pipe. 

Olaeratn of slot Dimensions. , 

" When pulling the pij>e, 

the rods used in lowering the screen should be left in the 
well so that you can tell whether or not the screen is re- 
maining ill position. If the screen starts to rise, it can 
usually be made to loosen itself from the pipe by driving 
down lightly in the rods. It may be that the rods will 

Ihave to be weighted down until after the 
lower end of the screen has been uncovered 
for six to eight inches. However, as soon 
as the screen gets far enough out of the 
pipe to allow the sand to settle around it no s««ij!r niock. 

further trouble should be ex|jerienced. 
.After the pipe has been drawn back the proper amount, 
unhook the strainer hook from the bail and remove the rods. 
Xext connect the swedge block onto the end of the rods 
and lower it until it rests on the lead packer which is attached 
to the top of the strainer. Now, by using a few light blows, 
expand the lead until it is driven out solidly against the pipe. 
Do not use heavy blows and do not use many of them — just 
strainer ni...k ^nough to exi)and the, lead. Remember that the screen may 
have to be pulled some time. 
In swedging do not use a long stroke, as the swedging should be done 
by driving down on the swL-dgc block and not by hammering the block up 
and down on the packer. Vou will note from the cut how a rod passes 
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through the block, and in 
expanding the packer, the 
stroke should be so adjusted 
that the rod strikes only on 
the down stroke. 

After the lead has been 
expanded, the s wedge block 
can be loosened by driving 
up on it with the rods. 

The large cut on the 
left shows the placing of 
one of the Cook screens on 
the bottom of the hole, 
while the cut on the right 
shows the position of the 
screen after the pJije has 
been pulled back, also, the 
]»osition of the s wedge 
block when the lead packer 
is being expanded. 

In some water bearing 
sands the stratum is made 
up of both coarse and fine 
grains intimately mixed. 
Where this condition oc- 
curs the most satisfactory 
well can he made by using 
a screen having rather large 
0|ienings. The object of 
this is to provide openings 
which are large enough to 
allow the fine sand to pass 
throutjh and yet small 
enough to prevent the lar- 
ger trrains from entering 
the screen. After setting 
such a screen, the well 
should Ik.- vigorously 
pumped for several hours 
as this pumping will re- 
move all of the fine grains 
and will allow the larger 
grains to pack around the 
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screen. After tlie pumping has removed the fine sand 
and has packed the coarse grains about the screen, the 
well will prochicc the maximum quantity of water 
without further trouble. 

In many small wells which do not use the <lrive 
pipe for a cylinder and in many large wells, the work- 

ing barret is seated on lop 

of the screen. To do this, 
a gum packer is pusJied 
down into the ta])cred open- 
ing which has been formed 
by swedging the lead 
packer and then the work- 
ing barrel is driven down 
into the gum packer. Af- 
ter seating the working 
Gum packir barrel, the check valve is 

lowered until it rests at 
bottom of the barrel. Next the plunger is lowered 
into the barrel, the pump rods connected up with the 
pump standard and the well is ready. 

In placing the gum packer it is simply dropped 

into the well. As the bottom of the packer is tapered, 

it fits the taper of tJie lead packer. 

Should the gum packer not seat 

properly, it can be pushed down by 

using the rods. 

After seating the packer the 
working barrel is lowered by using 
a special hook on the end of the 
rods. To seat the barrel firmly in 
< the packer, drive down on the top 

of the barrel with the swedge block 
with large end turned down. You 
will note from the cut that the bot- 
tom of tile working barrel is ta- 
pered, and the driving will cause 
this tapered end to be forced into 
the gum packer wJiere It will be 

The check valve is next lowerctl into the working 
barrel by using the strainer hook. The valve is made 
tapering to fit the taper in the bottom of the barrel 
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and by allowing the 
weight of the rods 
to rest on the valve, 
it will be forced 
firmly into the ta- 

The large cut 
shown on opposite 
page illustrates 3 
of the steps in fin- 
ishing a well , 
namely : Lowering 
the screen, swedg- 
ing the lead pack- 
er, and the appear- 
ance of the cqnii>- 
ment after the 
working barrel has 
been set and the 
pump connected 
up. 



Where it is not desired to set the working barrel 
as low down as the top of the screen, a barrel with a 
spring dog is use<l. In this type of barrel, the spring 
dog on the lower coupling holds firmly to the walls of 
SMiing Tool for the inside of the drive pipe and the barrel is locked to 

 pniiB niB c> m er, ^^^ ^.^^^ j^^_ revolving the barrel which canses the rub- 
ber packer just at the top of the spring dog coupling to expand. 

In lowering this type of working barrel into the well and revolving it 



THE CYCLONE DRILL CO. 



ORRVILLE, OHIO. U. S. A. 



to exjiaiid the packer, a seating tool coiinecttcl onto the end of a line of piiie 
is iisttl. In usinf; the seating tool, it is attachetl to the working barrel by 
slipping the head of the tool nnder the offset ring at the t)ottoni of the 

After the barrel lias been locked in the pipe, the check valve is lowered 
and the plunger inserted as previously described. 
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The cuts on page 341 show a working barrel and seating tool of the 
type just described, which are manufactured by the National Tube Com- 
l)any, Pittsburgh, Pa. 

The type of check valve to use on different jobs depends somewhat 
upon local conditions, also upon the notion of the man installing the pump. 
The check valves illustrated on pages 342 and 343, manufactured by the 
National Tube Company, cover some of the best known and most univer- 
sally used types. 

In the illustrations you will note that two of the check valves are pro- 
vided with spring dogs. Valves of this tyi)e are used in small wells where 
no regular working barrel is used and where the plunger works directly 
against the drive pipe. The spring dog check is also used below certain 
types of w^orking barrels which are not provided with places to seat a check 
on the inside." 

The most satisfactory installation, unless the well is of very small di- 
ameter, say tw^o inches, is to place the check on the inside of the barrel, as 
this then makes the barrel a complete unit. However, on two-inch wells, 
the separate check is extensively used as it permits the use of the very larg- 
est possible size of check in a pipe of given diameter. 
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Cutting threads for coupling 

joint 273 

length to cut threads 274 

Types of couplings u>ed 27o 

Reducer couplings 27(i 

Box and pin joints 270 

How to connect up box and pin 

joints 27S 

Dimensions of box and pin joints, 279 

K 

Kearne's Hole Straightening Bit 178 

Knots and Splices 199 

L 

Limestone 

Drilling characteristics ."iS 

Occurrence of water in 331 

M 

Mack's Hole Straightening Collars 17S 

Manila Drilling Cable 193 

McCleary's Enlarging Bit ISO 

Milling Socket 

Tsed on cable tools l.SS 

Used on rod tools .321 

Mother Hubbard Bit 



I'sed in granite drilling 01 

Used in straightening crooked 

hole 178 

Mouse Trap Bailer 128 
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New Kra Rope Socket 94 

o 

Oiling Machine 17 

P 

Patent Rope Socket 94 

Setting ro|)e in 10 

Removing roi)e from 11 

Pipe 

Kinds use<l in well drilling 31 

Kiufls of couplings and joints 

u»ied 33 

Table of dimensions of standard 

pipe. 34 

Table of dimensions of casing 30 

Table of dimensions of pipe 

couplings .'»S 

I'se of galvanized pipe 39 

Cleaning pipe threads 41 

Use of casing pole and rope 41 

Pulling pipe 181 

Shooting pipe 32r) 

Pipe Clamps, How Made and Used.... 42 

Pipe Jar Device. Cable Tools I80 

Pipe Jar Device, Rod Tools I80 

Pneumatic Displacement Pump 235 

Prv Pole for Pulling Pipe 183 

Pulling Casing 191 

Pulling Pipe 181 

Pulling with jacks 182 

Pulling with pry-pole 183 

Pulling with pipe- jar devices 184 

Pulling pipe to recover lost tools.. 162 
Use of shear poles in pulling pipe. 107 
Pumping Kquipments 

(jeneral discussion 215 

Pump standards 210 

Pump rods 217 

Table of rod sizes 218 

Discharge pipe 219 
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Table of cylinder capacities 224 

Table of plunger loads 225 

Table showing amount water dis- 
charged at each stroke 226 
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Proper size of cylinder to use 228 

Suction pipe 228 

Installing a pump 221) 

Well curbing 2:i() 

Sub- wells for wind pumps 232 

Heavy^ pump installations 233 

Pumping with compressed air 234 

Pneumatic displacement pump.... 23'^) 
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Raising Derrick 7 

Rasp, Used for Reducing Battered 

Tools lo3 

Reamer for Cable Tools 178 

Reaming a Hole 179 

Use of an enlarging bit ISO 

Use of under-reamer 181 

Reaming to recover lost tools l.")4 

Reaming for setting casing 17^ 

Ring and Wedge Pipe Puller 183 

Rock Drilling 

Drilling with cable tools ")2 

Adjusting stroke for rock drilling. 52 

Amount of water to use 52 

Thickness of sludge to use 53 

I^earning the feel of the cable \4o 

Drilling in shale 51 

Drilling in slate 55 

Drilling in sandstone 50 

Drilling in limestone 58 

Drilling in granite <)() 

Drilling rock with hydraulic tools. 31 1 

Drilling rock with jetting tools... 319 

Rods Used in Hollow Rod Drilling.. ..200 

Diagram of rod thicknesses 2()2 

Use of X and XX pipe 203 

Use of swaged rods 203 

Length of rod to use 200 

Use of change rods 207 

Hoisting rods from hole 301 

Standing rods in derrick 305 

Lowering rods into hole 300 

Straightening bent rods 206 

Fishing for lost rods 321 

Use of left-hand rods 325 

Rod Jack for Rod Tools 303 

Rope, Kinds Used in Well Drilling.. ..198 

Rope Chopper 128 

Rope Knife, Hook Type 125 

Rope Knife Jars 12r> 

Rope Knife vSinker Rod 127 

Rope Knife, Horseshoe Type 159 

Rope Knife Swivel Jars 100 

Rope Sockets 

Different kinds used 93 

Setting rope in patent .««ocket 10 

Setting rojie in wing .socket 93 

Setting rope in New Kra .socket... 94 

Setting rope in sub-socket 94 

Connecting up socket in starting 
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Pishing for rope socket with com- 
bination socket 130 



Reducing top of swelled socket 

with drive-down socket 134 

Reducing top of swelled socket 

with milling socket 138 

Reaming rope out of socket lost 

in hole 137 

Catching socket with twist drill 

spear 137 

Rope Spear 123 
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Sand 

How to drill with cable tools 43 

How to drill with hydraulic tools. 308 
How to drill with jetting tools.... 31 8 

Occurrence of water in 329 

Making wells in :iii3 

Setting screens in :^^r» 

Sandstone 

Drilling characteristics 50 

Occurrence of water in 331 

Screens 

Types used in well work 3i^5 

Setting screens 330 

Setting-up Drilling Machine 

Shale 

Drilling characteristics 54 

Occurrence of water in I^SO 

Shear Poles for Pulling Casing 107 

Sinker Bar for Cable Tools 95 

Sinker Rod for Rope Knife 127 

Slate 

Drilling characteristics 54 

Occurrence of water in 330 

Sliding Tongs 30<i 

Slip Sockets 1.35 

Spear for Drilling Around Lost Tools. 140 

Splicing Manila Rope 199 

vSplicing Wire Rope 209 

Spud for Cable Tools 129 

Home-made .spud ; 128 

Spudder, Theory and Action of 23 

Square Socket 155 

Star Bit Used in Granite Drilling 01 

Starting a Hole with Cable Tools 22 

Tools to use and how to connect 

up 14 

Starting a Hole with Hydraulic Tools 282 
Starting a Hole with Jetting Tools.. ..31 7 

Straightening a Hole 01-177 

Straightening Drive Pipe ,.175 

Sub Socket Rope Sockets 94 

Substitutes Used with Cable Tools 119 

Sub-WelU for Wind Pumps 232 

Suction Pipe for Pumps 228 

Swage for Straightening Pipe 175 

Swivel Hook with Pin 120 

Swivel with Box 120 

Swivel Jars 100 

T 

Taper Tap 170 

Temper Screws 241 
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Thread Chaser for Cleaning Pipe 

Threads 41 

Turning Tools 

When necessary to turn cable 

tools 25 

Turning hollow rod tools 286 

Twist Drill Spear 137 

Catching a rope socket with 138 

u 

Under-reaming with Cable Tools 180 

Under-reaming with Rod Tools 32rt 

Unloading Drilling Machine from Car. 4 

V 

Vacuum Sand Pumps 17 

Valve Cage Used in Hydraulic Drill- 
ing 259 

Valves, Check Used in Working 

Barrels 339-342-343 

Seating working-barrel check 

valves..... 339 

Seating spring-dog check valves. .344 
Valves Used in Bailers 16 



Fishing for bailer valves 1 72 

Valves Used in Hydraulic Drilling 257 

Use of blank valve 2.^9 

Fishing for lost valves 322 

w 

Walking Beams 

When and why used 237 

Different types used 2.38 

Water Swivels 

Main requirements of 268 

Parts composing 268 

Putting in new hall bearings 269 

How to pack .swivel 271 

Troubles caused by leaky swivel.. 271 

Quick repair bail 272 

Type used in jetiing drilling 315 

Weight, Drillim? for Rixi Tools 28« 

Wing Rope Socket i>3 

Wire Rope 209 

Drilling with 213 

Working Barrels 339-341 

Wrenches, Cable Tool 51 

Wrenching Bar & Chains 15 
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